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TOWARD NEW SUCCESSES OF SOVIET CHEMISTRY 


The publication of that work of genius‘ by Comrade Stalin "Economic Problems of Socialism in the USSR®, 
and the recent XIX Congress of the Communist Party of the Soviet Union have been great events in the life of 
our country. The resolutions and the agerifa of the XIX Party Congress, and Comrade Stalin’s speech, which was 
a fighting program of action, of great historical and international importance, inspire the Party and the whole 
Soviet nation ta engage in the most self-denying struggle for new triumphs in the building of communism, 


Comrade Stalin*s work *Econormic Problems of Socialism in the USSR® is devoted to the discussion of the 
most basic problems of the political economy of socialism. In it, Comrade Stalin presents in plain and convincing 
language the economic laws of socialism, and determines the Easic conditions for the gradual wansition from 
socialism to communism, The discovery by Stalin of the basic economte laws of socialism {fs of the utmost 
importance. *The most vital features and requirements of the basic economic law of socialism®, declares 
Comrade Stalin, “rnight be formulated more or less in the following way: the assuring of the maximum satisfac- 
tion of the constantly growing material and cultural demands of the whole community by means of the continucus 
growth and improvement of socialist production based on higher technology®.* This definition reveals the very 
essence of socialism. In order to achieve the actual transition from socialism to communism Stalin pointed to the 
necessity of achicving three basic preliminary conditions. First the continuous growth of sucial production must 
be assured, with particular stress on the production of maans of production. Second it is necessary, by gradual 
steps, achieved at a rate acceptable to the kolkhozes,and hence to the community as a whole, to elevate kolkhoz 
property to the level of national property generally, and to convert commerce into a barter system. Finally, a 
cultural level of the community must be achieved such that all of its members are assured of the possibility of 
full development of their physical and intellectal capabilities, 


The realization of the conditions pointed out by Stalin in his work is the task of the entire Soviet nation, 


which is tiumphantly building communism under the leadership of the Communjst Party, under Sts great leader 
and teacher Comrade Stalin. 


Among the resolutions of the XIX Party Congress was the following: “The chief tasks of the Communist 
Party of the Soviet Union now are to build up a communist society by gradual transition from socialism to 
communism; continuously to raise the material and cultural level of the community; to bring up the membeis 
of the community in a spirit of internationalism and brotherly relations with the warkers of all countries; and in 
every way to strengthen the active defence of the Soviet Fatherland against the aggressive acts of its enemies?** 


There can be no greater privilege for Soviet scientists than to take the most active part in this great 
undertaking. The chief duty of Soviet chemists {s to contribute to the continuous growth of communal production, 
and to the raising of the general culiura! level of the community. 


The directives of the XIX Congress relating to the Five-Year Plan for the development of the USSR contain 
the basic points of Stalin*’s work on économic problems, The Five-Year Plan for 1951-1355 is a great new step 
forward on the path of ouf progress toward communism, 


Great and responsiple tasks confront Soviet chemists who are engaged in the fulfilment of these directives, 
It will suffice to point out that the growth in the production of some of the most important chemicals is of the 
following order: caustic soda 79%, soda 84%, mineral fertilizers 88%, synthetic rebber 22%, cement 120%, A 


. * L Stalin, Economie Problems of Socialism in the USSR. State Political Press, 1952, p. 40, 
*° "Statute of the Communist Party of the Soviet Union®, "Pravda® 1952, 1. 
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large tnctease in production of non-ferrous metals Js envisaged, as follows: refined copper by 90%, lead 2.7 - 
tunes, aluminum not less th: 4.2.6 times, zinc 2.5 times, nickel by 52%, and tin by 80%, 


Li connection with the projected increase In power supply during the current Five-Year Plan, resulting 
from the completion of such hydroelectric stations as that of Kuibyshev, Gorki, and Ust-Kamenogortk, and is 
particular from the commencement of wotk on the exploitation of the power resources of the Angara Rivet, 
the question of the use of local sources of raw materials for the aluminum, chemical, and other industries will 
arise. 


The Five-Year Plan envisages considerable increase in the capacity of primary oll refineries, and of the 
fuel gas industry. The wider use of gas is intended, both for domestic purposes and as an automobile fuel, and as 
a source of chemical raw materiais, The directuves mention the importance of plant production for the needs of 
chemical industry. 


Chemical industry is charged with the rapid and considerable increase of the mineral fertilizers, the soda, 
and the synthetic rubber industries. Specfal stress is Jaid on the general development of the synthetic rubber 
industry based on the use of gascous petroleum products, 


Apart from basic chemicals, the Plan envisages increase in the production of plastics, dyestuffs , raw 
materials for the rayon Industry, and a widening of the assortment of other chemicals. Considerable tasks alse 
confront the paper, the wood chemical, and the hydrolytic industries, ? 


The continuous growth in socialist production, and the raising of the productivity of the work of the 
community, should raise the national income of the USSR during the five years by not less than 60%, 


The directives impose special tasks on Soviet scientific institutions: "To improve the work of the 
scientific research institutes and of the higher educational establishments, and to make fuller use of scientific 
resources for the solution of the more important problems of develepment of the national economy, for the 
generalization of research results, and for the wider practical application of scientific discovery. In every 
way to collaborate with scientists in the development of theiz theoretical problems in all domains of knowledge, 
$O as to suergtren the bonds between science and industry®. © 


G. M. Malenkov, in reading the report of the Central Committee to the Congress, showed that in the 
struggle for further technical progress our science has to play an important part, in that by its discoveries iz 
helps the Soviet nation to discover and exploit more fully our national resources. The Party has imposed a 
definite task on Soviet science: “To develop further progressive Soviet science, which should occupy the leading 
place in worid science. To direct the efforts of scientists toward the more rapid solution of the problems of the 
utilization of the enormous natural-resources of our country. To strengthen the creative collaboration of science 
and industry, bearing in mind that this collaboration strengthens the experimental basis of science, and at the 
same time helps the industrial workers to solve their problems more quickly®.¢® 


The chemical institutes of the Academy of Sciences, USSR, are developing their work in accordance with 
the fifth Five-Year Plan. The great majority of the workers of these institutes takes part in solving the more 
mportant problems of development of the national economy. f= is essential that the szork of scientific research 
institutes should be properly coordinated, both in the Academies of Science and in the educational establishments 
of the Soviet Union. The concentr: ion of scientific resources on the study of hey problems fs an essential condi- 
tion for their better solution, 


Parallel with the elucidation of theoretical problems of chemistry.the Institutes of the Division of Chemica] 
Sciences should display more initiative and confidence in the application of the d‘scoveries made by them to 
nat‘onal economy. Of the theoretical problems which should above all engage the attention of chemical institutes 
that of the theory of chemical structure {s one of the most important. Not less important are the theoretical 
elucidation of the problems of velocity of chemical processes, of the reactivity of compounds, and of the thermo- 
dynamics of chemical reactions, and the study of the ccnnection between the physical properties and the chemical 
structure of natural and synthetic high molecular substances. Much more attention should be given to the study of 
protein chemistry and of that of biogenic substances, 


Moder chemical and physical methods of study should be more and more widely applied to scientific _ 
* Dizectives of the XIX Party Congress on the Five-Year Plan for the development of the USSR, for 1951-1955. 
State Political Press, 1952, p. 28. 
°° G, Malenkov. Report to the XIX Party Congress on the work of the Centsal Committee VKP (b). State Political 
Press, 1952, p. 78. ; 
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research; this refers ‘particularly to the we of radioactive and stable isotopes as labelled atoms, : 


Soviet chemists are-confronted with the task of collaborating with other scientists in order, by a profound 
investigation of theoretical problems, to achieve generalizations of a fundamental character. One of the stages 
of this work should be the publication of monographs on the more important divisions of chemistry, 


‘The Sovier Government and the Party have devoted much attention to the work of scientistis, In no 
‘country do there exist such favorable conditions for the development of science as have been provided tn ous 
coontry. Suffice it to say that the number of scientific research institutes, laboratories, and other scientific 
institutions in the USSR has risen, as was reported by G. M. Malenkov at the XIX Party Congress, from 1560 ta 
1939 to 2900 at the beginning of 1952, and the number of scientific workers has doubled over the same period, 
During the last Five-Year Plan period the State has spent 47.2 milliard roubles on the developme nt of science. 


G. M. Malenkov reported that, as a result of the efforts of the Central Committee of the Party, many 
domains of science were found to be fostering outlooks and traditions which were alicn to Soviet people, and to 
tolerate the establishment of closed castes of scientists, and to be intolerant of criticism, Various manifestations 
of bourgeols ideology were revezled and eradicated, as were also all sorts of vulgarizing deviations, °Discussions 
in the domains of philosophy, biology, physiology, linguistics, and political economy have revealed serious 
ideological shortcomings In various domains of sclence, and ¢»ve an impulse toward the Tevelling of criticisms 
and the conflict of views, and have thus contributed to the development of selence. Arakcheyev regimes existing 
on many sectors of the scientific front have been overthrown, There still persist, however, in a number of branches 

_ of science, incompletely liquidated monopolist cliques, which avold contact with the younger generation of 
scientist and who fence themselves off from criticism, attempting to settle scientific problems by administrative 
means. There can be no branch of science which can develop successfully in the stuffy atmosphere of mutual 
admiration and overlocking cf each other's errors; attempts at creaticn of such cliques of scientists lead 
inevitably to stagnation and decadence in sclence*®s 


A umber of Soviet scientists have also fallen into grave error regarding the theory of chemical structure. 
The 1951 discussions of the state of this theory in organic chemisry disclosed certain ideological errors, and 
indicated the way toward the further fruitful development of A. M. Butlerov‘s materialistic theory. It ls 
essential that we should ccntinue to strive for such a state of affairs of science in which all the more important 
problems of theory, in atl of the branches of chemistry, are developed according to the progressive ideas based . 
‘on dialectical materialism, 


Soviet chemistry has based its development on the glorious traditions of Lomonosov, Mendekev, Butleroy, 
and other Russizn scientists. The very numerous cadres of highly qualified Soviet chemists have by their creative 
work shown that they are capable of performing the greatest tasks which our Fatherland and the Party may entrust 
to Soviet chemical science. ; 


Inspired by the resolutions of the XIX Congress of the Communist Party, our chemists will march 
confidently with the nation towards the tiumph of communism, under the leadership of our leader and teacher, 
f the architect of communism, beloved Comrade Stalin. 


G. Malenkov, loc. cit., p %. 
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ADSORPTION OF GASEOUS MIXTURES 


PART 2, ADSORPTION OF ETHYLENE AND PROPYLENE ON ACTIVE CHARCOAL 


B. P. Bering and V. V. Serpinsky 


1, Introductioa 


It was shown in Part 1 of this series [1] how important is the systematic study of simultaneous adsorptioa 
of mixtures of gases on adsorbents of different structure and nature, These studies are important, first because 
they contribute to the widening and decrening of current theoretical views on adsorptional phenomena generally, 
and second because they are necessary (although not always adequate) for the understanding, and the quantitative 
treatment, of the more important practical applications of adscrptional phenomena, in particulag the use of adsor- 


bents for the sepatation of mixtures, The present paper is devoted to the study of simultaneous adsorption of 
ethylene and propylene on activated charcoal. 


2. Experimental 


The same methods and apparatus were used in this study as in that of simultaneous adsorption of ethylene 
and carbon dioxidé {1}, The method depends on mixing known volumes of each of the gases, followed by measure- 
ment of the total presswe and the composition of the equilibrium mixture, determined by means of a precision gas 


analyzer, the action of which is based on the dependence of tlie thermal conductivity of a gaseous mixture on its 
composition and pressure, 


We shall here <'escribe only certain slight modifications which we have introduzed into the apparatus 
described in Part 1 of 235. series {1}. Our basic concern was to stabilize the working of the gas analyzer and 
this was achieved by reducing to~90°the temperature of the electrically heated wire of the analyzer, which 

was made of platinum, *extra® quality, diameter 30m. According to the new values of * cold® resistance of 
the wire and of the new “working* temperature chosen for this wire we varied the constant resistances forming 


‘the other three branches of the Wheatstone bridge. In its present form, the gas analyzer possesses not only the 


required high sensitivity (for C,H, #C3Hg the analyzer is sensitive to changes in the content of either constitwent 
of the order of 0.05%), but also shows high stability of calibration curves with time, 


The next modification introduced into the apparatus tonsisted Of immersing the genezal air thermostat 
containing the bulb with the adsorbent with the tubes leading into it uf a second thermostat through which water 
from an ultrathermostat was allowed to flow. This arrangement permitted us to make measurements of adsorp- 
tion at different temperatures. Special tests were made to ensure that the gas coming into contact with the adeor- 
“bent had enough time to assume the temperature of the water thermostat, at the given rate of cuculation of the 
gas, determined by the design and dimensions of. the glass circulatory pump. 


Measures were taken to reduce to a minimum any pockets of gas which could escape the general cire 


culation, thus somewhat shortening the time needed for achievement of adsorptional equilibrium, 


The same granulated activated charcoal was used as in the previous experiments, and ethylene was prepared 
and purified by the methods described in detail in Cofnmunication 1 [1}. The effectiveness of these methods, and 


the uniformity of the charcoal used, are very well ulustrated by the practical identity of the adsorption isotherms 
with those presented in Communication L. 


Propylene was prepared by a slightly modified Serderens method [2], by dehydration of Lsopropanol in 
presence of fused anhydrous sodium bisulfate, at 120-140°, iso-Propanol was added gradually to the NaHSO, in 
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a round-bottomed flask fitted with a reflux condenser, immersed in an of] bath, and the gas was collected in a 
gasometer, after passing {t through wash-dottles containing 10% and 50% aqueous KOH. The gas was passed through 
a bulb immersed tn liquid nitrogen, In order to freeze out the propylene, which was then distilled back into ths 
gas-holder; we collected only the fraction boiling within a range of 1-2°, rejecting the tnitial and final portions 

of distillate, This operation was repeated several times, and the final product was passed over fused calcium 
chloride and phosphorus pentoxide, and collected in a bulb immersed in HMquid nitrogen, sealed to the adsorption 
chamber, After exhaustive evacuation of the reaction space, the propylene was transferred to a storage vessel, 
passing on the way through a column of previously ignited and degassed active charcoal with silica gel, This 

last operstion was described in detail in Communication 1 of this series, 


3. Experimental Results 


The methods described were applied to measurement of adsorpuon of the separate components: ethylene 
at F and 25°, at 0-160 mm, and propylene at 7 and 25°, at 0-300 mm. Adsorption of mixtures of the gases was 


studied at vie same temperatures, over the range of pressures 0-300 mm, for the whole range of compositions of the 
equilibrium mixtures, 


Since there are practically no data to be found in the Mterature for mixtures of gases, and since such data 
ate recessary for the checking of theoretical concepts relating to adsorption of mixtures, we think it would be 
useful to present our experimental results in tabular form, 


In Tables 1~4, as also in succeeding ones, the subseript 71° relates *o the less strongly adsorbed gas, 


ethylene, and the subscript °2® to the more strongly adsorbed propylene. The pressures p are given in mm, and 
the magnitude of adsorption a in mM/g. 


In studying adsorption of mixtures every series of measuwements began with introduction of a xnown 
volume of propylene into the system, and after determining the equilibrfa a and p, successive portions of 


ethvlene were added, keeping the amount of propylene constant. In Tables 3 and 4 each series of measurements 
begins with a partial pressure of ethylene py = 0. 


TABLE 2 4. Discussion of Results 
on of propylene In its general outlines the adsorp- 
7° and 25° 7 and2se tion of ethylene-propylene mixtures on 
activated charcoal closely resembles 
Py ay Py | ay Ps ag | Py ag that for ethylene-carbon dioxide mixtures 
{1} In representing the experimental 
t=? t=? results for adsorption of mixtures we 
4.5 , 0.214 , 90.6. 1.089 0.2 | 0.161} 80.0 |2.422 
10.2 | 0.349 |115.9 ‘1.218 1.8 0.619; 95.0 | 2.525 
19.7 0.505 147.6 11.359 1.149} 104.0 | 2.573 
28.4 | 0.615 183.7 :1.500 17.5 | 1.542! 138.0 } 2.792 
38.7 0.721 '237.0 1,667 18.7 | 1.590} 173.7 | 2.863 adsorption 
48.8 | 0.805 ,290.3 1.813 25.4 1.751 214.8 | 2.987 
61.0 | 0.898 '338.3 |1.928 33.9 | 1.915) 220.7 | 3.005 
63.8 | 0.957 | 34.7 | 1.927) 254.5 | 3.086 For both the temperatures 
ic 46.4 | 2.092 299.2 | 3.164 studied (7° and 25%), the adsorption 
58.0 2.234 | 333.8 | 3.240 surfaces for ethytere, a, = fy (Py.Pa)> 
4.1 | 0.093 1137.6 0.938 and pcopylene, ag = f, as well 
6.2 | 0.137 {161.5 j 1.017 as that for summated adsorption, 
9.4 0.193 j204.6 1.128 3.3 | 104.1 | 2.081 = Py. Py), Which we do not represent 
12.6 | 0.228 |220.5 |1.179 1.6 ' 0.802! 121.5 12.175 in this paper in erder to save space, have 
16.1 | 0.278 = 1,292 8.3 0.828} 139.9 | 2.260 practically the same appearance as do 
22.1 | 0.345 (330.2 | 1.420 15.8 ‘ 1.081] 188.6 | 2.439 the corresponding surfaces for the system 
36.0 | 0.460 681.2 |1.501 - 25.3 | 1.296] 192.0] 2.435 CO,-C, Hy Certain differences are 
48.0 | 0.545 }494.0 | 1.686 38.0 | 1.504] 237.0 | 2.585 apparently due to the closer resemblance 
64.0 | 0.631 |579.4 | 1.804 39.8 | 1.521] 252.5 | 2.611 of the C,H, inolecule to CyHg than to 
15.6 | 0.687 }|679.5 | 1.928 54.4 1.703! 256.5 | 2.621 CQ, and to the greater difference 
91.0 | 0.767 |771.3 .2.030 13.5 | 1.878! 280.2 | 2.679 between adsoiption of ethylene and 
104.2 | 0.810 | 11.3 1.904] 325.5 | 2.760 propyl uc thant etiween ephylene and ; 4 


carbon dioxide, 
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TABLE 3 
Simultaneous adsorption of ethylene and propylene at 7 


Pa 


10.9 123.8 | 75.2 , 0.272 | 2.218 
30.4 |184.7 | 83.8 | 0.973} 2.209 
82.2 229.3 | 90.1 | 0.443; 2.203 
114.3 0 | 95.010 2.525 
176.2 28.5 | 100.4 | 0.052] 2.520 
270.3 | 67.2 | 208.8 | 0.122 | 2:512 
0 116.6 '116.6 0.194 2.504 
11.1 173.5 | 128.3 0.278 } 2.493 
32.1 | 0 her 0 2.732 
58.5 140.7 29.1 1142.2 | 0,042 | 2.728 
102.8 145.3 1,904 | 57.5 {150.2 |0.090 2.720 
151.3 |49.6 | 0.400 1.900 |) 95.5 | 156.5 2.714 
203.8 56.2 0.506 |1.894 {1157.7 |168.7 | 0.216 | 2.703 
250.3 (60.2 1.890 |} 0 |220,7! 3.005 
0 jo 2.234 || 20.3 1224.5 2.994 
14.1 i594 : 0.038 |2.233 | 75.2 |235.6 10.085 2.983 
27.3 |61.7 0.072 2.230 | 


$8.0 69.9 0.201 2.223 


The results obtained for the system 
C,H Cyl are in full agreement with the more 
important qualitative conclusions made on the 
basis of an analysis of the behavior of the 


system C,Hg-CO,. 


Fig. 1 represents sections of the adsorp- 
tion jor propylene, ag = at 
25°, by the planes p, = const., at the partial 
pressures of ethylene 0, 50, 100, 200, and 250 
mm, It is evident that considerable variations 


‘in ethylene concentration have litle effect 


on adsorption of propylene, and do not change 
the shape of the adsorption fsotherms, The 
effect on ad,orption of ethylene of varying 
propylene concenuation is quite differerent, 
however, as appears from Fig.2, which represents 
sections of the adsorption surface for ethylene 

= £,(Py.Pg) by the planes pg = const., correspon 
ding with the partial pressures of propylene 0, 4 
212.5, 25, 50, 100, 150, and.200 mm. Even quite 
small concentrations of propylene in the gaseous 
phase greatly depress adsorption of ethylene, and 
change the shape of the isotherms of this com- 
ponent. With values of py as low as 5 mm the 
adsorption isotherm for ethylene becomes far 


less convex, while with a partial pressure of SO mm of p-opylene the isothe:m becomes nearly a straight line, Le., 


a broaden’rg of tie Henry regior occurs. The correspondi..z sections fur 7 aie of the same nature. 


We first 


aheiae: this st aightering effect on the adsorption isotherins of the less suongly adsorbed component when 
studying the system CO;-C,Hy when we explained it as being due to the heterogeneity of the surface of the 


charcoal. As will be she 
of view of heats of adsorption of gaseous mixtures, 


TABLE 4 


Simultaneous adsorption of ethylene and propylene at 25° 


0 802 46.9 | 82.2 '0.094 | 1.870 
17.8 | 8.2 ‘0.092 87.1 | 86.0 | 0.159) 1.866 
52.0 110.0 '0.236 Bey: 93.9 10.254! 1.859 
115.3 113.7 'o.452 0.796 {!213.6 |101.5 0.343 | 1.882 
207.9 |17.3 'c.6a6 {0.793 || 0 12.175 
269,0 !o.814 {0.790 20.1 124.2 0.032. 2.172 
0 {39.8 lo ‘1.521 39.2 127.5 | 0.061 2.169 
17.1 | 40.8 046 (1.820 | 120.3 142.4 | 0.172 2.195 
47.7 10.121 '1.518 |1169.0 | 148.6 | 0.229° 2.149 
126.3 149.9 o | 2495 
173.7 154.8 10.371 !1.507|1 35.3 |200.0 ! 0.046 2.427 
259.0 {61.1 {0.503 !1.502 88.1 {210.5 |0.106 2.417 
0 {73.5 1.878 | 0 ‘ 2.621 
17.0 [77.2 | 0.035 | 1,874 35.7 | 266.8 | 0.036; 2.612 


In our previous paper we introduced, for the characterization of 


“wn below, this explanation receives further confirmation when considered from the point 
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Fig. 1. Sectuoas of the surface a, = 
by the planes py = const. 


selecurity of edso ption of the more 


suongly adsorbed component,the socalled selectivity coefficient ag, deteamiied by the equation 


a 


0 
Py | Ps a: ar Py | Ds a 
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where No, Ne and N;, N, are the molar proportions of each 
com) onent in the adsorbed and the gaseous phase, respectives 
ly, and p, and p, are the partial pressures of the components 
in the gascous phase. For the system COs-C,H, the coeffie. 
cleat eg for ethylene remains approximately constam at. 
constant total pressure, but diminishes with increase ia 

total pressure. For the system the selectivity 
coefficient for propylene is not constant at constant total 
pressure, and falls slightly with increasing N, of propylene 

in the gaseous phase, and with rising total pressure, 


Fig. 3 shows the relation between Ny and N, of 
propylene, at a total pressure of 300 mm, at 7° and 25°, 
. It-appears from these curves that the coefficient & rises. 
Fig. 2. Sections of the surface & © slightly with falling temperature, Thus the value of the 
f,(Py.Pg) by the planes Py = const. selectivity coefficient varies inversely with total pressure 
and temperature. 


' For the system C,Hg¢-CyH, the coefficient a remains 
“y ; approximately constant for the vertical sections of the 
adsorption surfaces made along the lines of congant summated 
adsorptioa, ayy = const., which we shal! call sections of 
constant total filling of the surface; constancy of a is not 
observed in the sections of the ac‘sorption surfaces by the 

0s planes of con:tant total pressure P = const. For the system 
COs-C,H, the coefficient a remains practically constant 
for both the sections P = const. and agg = const., probably 
because it does not greatly depend on pressure, and the 
given sections do not differ as much from each other as 

ag iT) : ‘do the corresponding ones for the system CgH¢-C3Hg 


% 


Fig. 4 represents projections of adzorption isosteres 


Fig. 3. Relation between molar proportion: of both components a, = const. and ag = const. on the # 
coordinate surface aj = 0 at 25°. The family of adsorption 

of propylene in the adsorbed phase Ng and ‘2 Seay 

its mol portion in the gaseous phase isosteres for propylene a, = const. approxims ‘<4 fairly 

caged close, a family of straight lines. The figures placed 

N, at 7 and 25°. 


near tne ends of these lines on the p, axis represent adsorp- 
tion of propylene in mM/g. The family of adsorption 
isosteres for ethylene is a system of curved lines, the 
curvatue of which gradually diminishes with increase in py. The figures placed at the points of intersection 
of these curves with the line representing constant total pressure P = 300 mm represent adsorption of cthylene 
in mM/g. A closely similar system of isosteres was obtained at a different temperature (7°). 


The isosteres of Fig. 4 served for the construction of the Ssosteres of total adsorption ayy = ay +23, which 
are rervesented in Fig. 5, in which the 25° isosteres are shown as broken lines, and the 7° isosteres as continuous 
lines. The figures placed at the ends of the fsosteres represent total adsorption in mM/g. 


Over the whole range of pressures studied, the total adsorption {sosteres for the system C,Hg-CH, are, 
within the limits of experimental accuracy and of the error of interpolation, straight lines for both temperatures, 
the slope of the lines gradually rising with increase in the degree of filling up of the active surface. This 
empirical relationship was also found in the previously studied system, CO,-C,Hy for which the total adsorption 
isosteres were alco straight lines; fromm our point of view this is of considerable interest, and has been found to 
hold for both gaseous mixtures studied by us. Papers on adsorption of mixtures of gases published during the past hess 


few years (3-6) are neither detailed enough nor sufficiently accurate to allow us to make use of these data for 
checking the linearity of total adsorption isosteres, 


If thts empirical relationship turns out to be a not special case, but to be of more general applicability, 
at least for the case of low degrees of filling up of the active surface, it would be of {mportance, inasmuch as it 
would permit the construction of the total adsorption surface from the adsorption ‘sotherins of the individual 
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Fig. 5: Farmily of total adsorption isosteres for 
ethylene and propylene a,, = a, + a, = const, 
_ from 1.2 to 3.0 mM/g, at 7{continuous lines), 
: and from 1.2 to 2.4 mM/g, at 25° (broken lines). 


Fig. 4, Family of adsorption isosteres for propylene a, = ; The coordinates are partial pressures of ethylene 
const. (straight lines) from 0.6 to 2.5 mM/g, and of * {Dy and propylene (p,), in mm, 


isosteres for ethylene (curved lines) from 0.05 to 1.0. 
mM/g. The axes represent partial pressures of ethylene 
(Py) and propylene (p,) in mm. 
ies , components. If the total adsérption isosteres are straight lines, then the construction, thei¢from,of total adsorp- 
err tion surfaces should be very simple. It should be enough to plot on the coordinate planes py = 0 and py = 0 the 


adsorption-isotherins of the individual eomponents of the. mixture ry = f(p;, 0) and a} = fy (Pg, 0), and then to 


imagine that along these two isotherms, as if along rails, a third straight line, patallel to the coordinate surface 
aj = 0, is slid. “he surface traced by the movement of this line will be the tctal 2dsorption surface, 


The constancy of the coefficient a@ in the sections fcr constant total degree of saturation of the surface 
was noted above, It is evident that in every such section the curves ay = fy(py, Pz) and ag = f,{P;,Pg) at ayy = 
const. will be represented by hyperbolic equations, fully determined by the parameter a. Hence if we could 
in any way find the nature of the dependence of a on the degree of saturation of the active surface this should, 
on the condition of the linearity of the total adsorption isosteres, be sufficient for the construction of the 
surfaces ay = £,(Py,Pz), 4g = f,(Py.Pz), and ayy = ay + ag from the isotherms of adsorption of the individual com- 
ponents, We shall return to this question in the next part of this series. 


The following illustrates how closely linear are the total adsorption isosteres for the system C,Hp-C3Hg 
After completing the measurements of adsorption of the mixtures, and the working out of the experimental results, 
the isosteres of Fig. 5 were produced, to cut the py axis, thus giving a series of extrapolated points on the adsorption 
isotherm for pure ethylene; the extrapolation was continued up to a pressure of 750 mm. Direct measurements of 


adsorption of ethylene at 25° and at pressures of up to 760 mm were then made, and the points so obtained were 
found to lie satisfactorily on the extrapolated curve above, 


5. Certain Thermodynamic Considerations 


Measurements of simultaneous adsorption of ethylene and propylene were made at two different tempera- 
tures, with the object of elucidating the nature of the clranges in differential heat of adsorption of each component 
of the mixture, As is well known, the differential heats of adsorption of a single substance can be derived by the 
Clausius-Clapeyron equation from the adsorption isostcres, or ap) roximately from two adsorption isotherms at two 


different temperatures, The differential heats of adsorption of each component were thus calculated, for different 
values of the degree of saturation of the active surface, 
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¢ kcal/mole Fig. 6 shows the curves relating differential heats of 
adsorption of ethylene and propylene to magnitude of adsorption, 
CA ——F__ Owing to the steep slope of the initial section of the adsorptica 
isotherms for propylene,the heats calculated for adsorptions 
" less than 1,0 mM/g are not tust-worthy. The differential heat 
‘e , of adsorption q of ethylene at first falls steeply, and then more 
gradually, alrrost linearly, with increasing saturation of the 
Fiom the adsorption Lsotherms for ethylene we calculated 
no hee ees the change in free energy, by integrating from the Gibbs® 
equation, and we then calculated the Integral heats of adsorp- 
of saturation of the ‘adsorbent wusface tion Q at different degrees of saturation of the surface, by 
1) q kg-cal/ mole 


substituting in equatioris of the type of (2). Graphical differe 
entiation of the curve Q = Q(a) so obtained gave the differen- 
' tlal heats of adsorption q = 9Q/8a; the values s0 obtained are represented by circles on Fig. 6, The good agree- 
ment found between the values of q calculated by two methods is evidence of the satisfactory accuracy of the 
calculation of change in free energy from the adsorption isotherms for ethylene, Similar calculations for 


propylene are, unfortunately, as little trustworthy as are the calculations of heats of a 


dsorption from two adsorp- | 
tion isotherms, 


Ws afe not aware of any published papers dealing with the calculation of differential heats of adsorption 
of mixtures of gases, for which reason we think that the matter mcrits a detailed consideration. The integral 
heat of adsorption.of a binary mixture of gases Qy can obviously be derived from the equation 


oF 
-Q, =U= (2) 
Vv T a), 


in which U is the change in internal energy, F is the charge in external ene-gy, and V is the volume of the 
system, 


In order to calculate Qy from equation (2) it is necessary to find F and (OF AT), , a3 from Gibbs* 
equation (3): 


dF = RTa,dinp, + RTa,dinpy, (3) 


in which we shall, for the sake of simplicity, put pressure instead of fugacity. 


Applying to equation (3)the formula for diffezentiating by parts, in order to change from the independent 


variables py and p, to the independent variables a, and a, ard integrating the equation so obtained from zero 


along the path ag = 0 to some value of a,, and then along the path a, = const. to the point (a,, a3), we obtain the 
change in free surface energy associated with adsorption of a, moles of the first and ag moles of the second 
component on an initially free surface. By calculating the partial derivative (OF/ and substituting 
these values in equation (2) we obtain the following expression for Qy 


i 
= \ | aa, +\ ert | 2% 
oT V, 43,22 T 


Since the first term of the right-hand side of equation (4) is the irtegral of the heat of adsorption of the first 
component along Q} we can, omitting the subscript v, write the equation in the form 


a3 


Q=Q} rT? day (5a) 


Integrating at first along the path a, = 0, and then along the path ag = const. to the point (a;,a3) we 
obtain the completely analogous equation 
Q -Q aT? [ 


Vv, ay. Ag (5b) 


where a} is the integral heat of adsorption of the second component alone. 


882 


t 
4 
e 


— Equations (5a) and (Sb) serve for derivation of the integral heat evolved during the simultaneous 
adsorption of a, moles of the flist, and a, moles of the second component of the mixture. 


Differentiating equation (5a) with respect to ag and equation (5b) with respect to a,, we obtain the 
differential heat of adsorption of each component adsorbed simultaneously: 


(8) 
= aT 
oT 
Representing the differential heat of adsorption of a mixture of the composition (Ny,N,) by Qg, We 
obtain 
+ Ny. (1) 
For a mixture of the equilibriuin composition Ny = Py /P, Ny = Py/P, F = Dy + Py ete., whence 
/ = 


Or the basis of the families of isosteres of adsorption of both components at two- different temperatures 
we calcuJated, using equation (6) the differential heats of adsorption of ethylene q, and psopylene. gg froma 


mixtures of the two gases; the results are represented in Figs. J and 8, ~ 


Fig. 7 shows the 

xcaYaole de dependence of the 
differential heat of 

adsorption of ethylene 
4g on the amount of adsorp- 
tion ay, at various constant 
values of adsorption of 
propylene ay. It is evident 
from this graph that the 
presence.of propylene in 
the adsorbed phase causes 
considerable diminution 


Fig. 7. Differential heats of adsorption 


of ethylene q, depending on adsorption as ‘ oi 
of ethylene a, at constant values of ag: J 
1 = sit In other words, the propy- 
2) ag = 1.0; 3) ag = 1.4; 4) Fig. 8. Rdlation between differential he 

2 ™ 


of adsorption of propylene q, and adsorp- 
tion of ethylene a, at constant values of which have the greatest 
ay. The figures placaj at the ends of the 


: values for energy of adsorp- 
curves relate to adsorption of propylene 
tion, and under these 
in mM/g. 


conditions the ethylene 
molecules are in general 
adscrbed on those parts of the surface which have lower (and more uniform) values of energy of adsorption than 
when ethylene alone is adsorbed. From our point of view, this fact is in full agreernent with the widening of the 
Henry region of the adsorption isotherms of ethylene in the presence of propylene. 


the parts of the surface 


Fig. 8 shows the relation between differential heats of adsorption of propylene q, and the amount of 
adsorption of ethylene a,, at constant values of ag. With ag = const, the heat of adsorption of propylene is 
practically independent of the ethylene content of the adsorbed phase, and falls only very gradually with increase 
in the propylene content. Thus the presence of ethytene docs not interfere with adsorption of propylene molecules 
on the parts of the surface giving higher values of adsorption energy. 


It is of considerable interest for the thermodynamic analysis of the properties of the adsorbed phase to 
know the partial values for change in free surface energy, i.e., the partial two-dimensional presswes, It should 
be noted th Bowley and Innes have published a series of papers (6) on the thermatynamics of adsorption of 
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mixtures, dealing in particular with changes in free surface energy associated with this process, Their analysis 


of these variations seems, however, to be valuciess to us, since it is based on a we thermodynamic esror, Wf 
we integrate equation (3) we obtain: 


Py 


(here # Is two-dimensional pressure, and s ts specific surface of the adsorbent), The sum of the two integrals of 
the right-hand side of this equation does not, of course, depend on the path of Integration, since this sum gives 
the change in the function of state. It is, however, quite unreasonable to assume, as do Innes and Rowley, that 

_ each integral can sepamtely be considered as a change in some function of state, and to call it the partial two- 
dimensional pressure of the given component. On the contrary, it can readily be shown that, taken separately, 
these integrals depend on the path of integration. For this reason, the thermodynamic conclusions drawn by. saree: 
and Innes from this are meaningless. 


It might have been possible, having calculated the total two-dimensional pressure from formula (9) to 

assume, by analogy with the three-dimensional case, that #4 * Ny ‘#, but with quite considerable deviations from 

i ideality, such as appear to be the rule in the surface Jayer, such a determination could have only a purely formal 
value, It would be of considerable interest to determine the partial two-dimensional pressure In an analogous way 
to that applied by Temkin [7) to grossly nonideal three-dimensicnal systems, In that case, however, we would 
require accurate measurements of adsorption, down to very small degrees of saturation of the active surface, 
which we have not.done, These considerations oblige us, at the present time, to abstain from attempting an 
analysis of the equations of state of binary adsorption layers, 


The authors take this opportunity to express thelr gratitude to M. M. Dubinin and B. V. Dyin for thelz 
unfailing interest and assistance in the preset’ research, 


SUMMARY 
1. Simultaneous adsorption of ethylene and propylene on active charcoal has been studied, at 7° and 25°, 


2. The adsorption surfaces found greatly resemble those reported in an earlier paper for simultaneous 
adsorption of carbon dioxide and ethylene on the same sample of active charcoal, 


3. Families of adsorption isosteres are constructed for each component separately and for both together, 
and the projections of the total adsorption isosteres on the plane aj = 0 are shown to be straight lines. 


4. The selectivity coefficient is shown to be constant in the section of constant total saturation of the 
active surface, 


5. Formulas are derived for integral and differential heats of adsorption of the components from mixtures 
of gases. These formulas are used to calculate the partial differential heats of adsorption. 


6. The question of partial two-dimensional pressures in a binary adsorption layer is considered, and a gross 
thermodynamic error made by Innes and Rowley is pointed out. 
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STUDIES OF CAPILLAR¥ CONDENSATION OF VAPORS IN HIGHLY: DISPERSE SYSTEMS 


PART 1, CALCULATION OF CAPILLARY CONDENSATION IN THE VICINITY OF POINTS OF CONTACT OF 
SPHERICAL PARTICLES 


L. V. Radushkevich 


The study of capillary condensation of vapors in highly disperse systems ts ef both theoretical and 
practical importance, in view of the wide distribution ef such systems, and of their frequent practical application, 
It ts generally believed that capillary condensation of vapors takes place in the fine pores of highly disperse 
substances as a result of the lowering of vapor pressure over the concave meniscus of the liquified substance. 
Papers have been published (1-3) dealing with this effect, and connected with the verification of the Thomson- 
Kelvin equation, However, tn spite of the numerous studies in this direction, and of discussions of the deviations 
from the equation found, these papers cannot be considered to be entirely satisfactory, It appears to us that up to 
now the question has nor been clearly «/:ough defined, fiom the physical point of view, The quantitative descrip- 
tion of the process in ordinary porous substances involves a number of arbitrary assumptions regarding the shape 
of the pores, which is assumed to be simple, although it is generally known that the structure of pores is as a-rule 
eomplex. In those cases in which the workers dealt with pores of a definite shape, as in the researches of 
Shereshefsky [2] and Chmutov [3}, they avoided the study of the process taking place in porous substances, and 
did‘ not ‘possess sufficient information regarding the structure of the walis of their artificially formed capjliaries 
and fissures, 


Incidentaliy, the problem of capillary ccndensation in an artificial fissure formed between a convex lens 
and a plane surface, which was solved by Chmutov [3] seems to us to be the most promising, inasmuch as it 
introduces the idea of the process in the vicinity of the point of contact. Continuing this line of thought, we arrive 
at the concept of condensation of vapors on contiguous bodies, in general, as well as at the special case of 
condensation in systems consisting of numerous small particles in contact with each other, To such systems 

would belong various powders, and precipitates of highly disperse substances. In those cases in which the size 

and shape of the particles are known sufficiently wéll, and in which measurements of adsorption have shown 

that capillary condensation pores are ab<ent from the individual particles, the systems are the most suitable for 
the study of capillary condensation, They are of interest both as models, and for their intinsie importance, and 
aie particularly suitad?e for the solution of the problems when the constztuent ; «ticles have some simple shape, 


Cert2in varieties of soot fulfill these requirements, Electronmicroscope studies of certain soot particles 
show that they are of sprerical form; these findings are beyond doubt, and have been confirmed by numerous 
authors [4], although no explanation has been advanced as to why they have so simple a shape. Moreover, the 
size of the particles is quite small, most of them being between 200 and 2000 A indiameter. A further advantage 
is that the particles of most specimens of soot have been shown by adsorption measurements not to be porous, 
Fig.1*is an electron-photomicrograph of.a specimen of lamp-black P-33, prepered by D. G. Kadaner, which shows 
clearly the spherical shape of the anage According to Emmett and De Witt and other authors (4) the specific 
surface of this variety of soot is about 20 m*/g as shown by measurements of ads rear of nitrogen. Its geometrical 
specific surface, derived from measurements of electron-photomicrographs, is 19,4 m n’/g. It may hence be accepted 

that the individual spherical particles of this material do not ir. fact possess pores in which additional capillary 


condensation of vapors could proceed. It is evident from Fig. 1 that the particles are of different sizes, Le., the 
system is a polydisperse one, Other varieties of soot are, however, known in which the particle size is practically 
uniform 


Capillary condinacies of vapors takes place around the numerous points of contact of the particles of 
compressed pellets of soot; the shape of the crevices between the particles can be known with sufficient accuracy. 


* The possibility of capillary condensation’ in non-porous soots was shown by V. M. Lukyanovich. Spherical 
particles were also found in aerosols of oxides of metals, . 


** See page 834, 
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Each jvirof spheres forms a sorption cell, or condensation center, in which appearance of the first portions of 
liquified vapor leads, oa condition of wetting of the surface, to formation of a concave meniscus, and this leads 
to the developsnent of the process of capillary condensation, 


1. General description of the problems 


The simple shape of the particles and of the crevices formed between them permit an exact considezae 
tion of the process of condexsation, without involving any doubtful assumptions regarding the sdiape of the pores, 
We can thus, for a sosption cell consisting of spherical particles, undertake to a certain extent Classical® derivae 
tion of the capillary condensation isotherms from the Thomson-Kelvin equation, Experimental evidence of the 
absence of pores in the individual particles render such calculations fully Justifiable, 


The research consisted of the following. We first calculate capillary condensation for an elementary 
sorption cell, consisting of two spheres in contact, taking into account measurements of vapor pressure and of 
corresponding changes in the curvature of the surface of the meniscus, The transition from the elementary cell 
to a inonodisperse system is then made; this system consists of a large number of spheres in contact with each 
other, and it may be assumed in the simplest case that they are packed in an orderly manner, The full calcula- 
tion of the capillary condensation Isotherm is possible for such a system, This simple model may serve for the 
discovery of certain general features of the process of condensation of vapors in systems formed of small conti- 
gucus particles, and a number of useful generalizations applying to more complex systems of this sort may be made, 


The relation between the curvature of the surface and the vapor pressure of a liquid is given by the 
classical Thomson-Kelvin equation. We initially applied this relation without taking into account deviations 
from the equation sometime observed during experiments. We believe that with a fully developed condensation 
process all the deviations can be ascribed only to imperfect knowledge of the surface tension and the molar volume 
of the liquids. We do not, for this reason, study the process at “ow relative presswes p/p,, at which the deviations 
may assume large proportions, but we confine our analysis of the process to saturations roughly from p/p, = 0.5 to 
full saturation (p/p, = 1). 


The very small radius of the soheres of which our highly disperse systems are made up Is very characteristic 
of them. A consequence of. this feature is that we must, in general, in calculating the curvature of the anuwlar 
meniscus formed around the point of contact of the two spheres of the adsorption cells, take into account the 
double curvature of the surface, since u. the given case both radii of curvature are very small at any point in the 


meniscus, and are of the same order of magnitude. Under conditions of full wetting the Thomson equation takes 
the following form, for an adsorption cell: 


2 


where p amd! p®* are the radii of curvature of the surface of the meniscus, @ is the surface tension of the liquid, 
V is the molar volume, R, is Clapeyrcn*s constant, and T is absolute temperature, 


The constant C in equation (1), expressed by the relation 


20V 


has a simple physical sense; it is the radius of curvature of the annular meniscus of the liquid, equivalent to the 
given capillary cell 3 


We shall in the future assume full wetting, although there would be no particular difficulty in calculating 
the angle of contact. Since capillary condensation on spherical particles is always preceded (at low relative 
pressures) by formation of a monomolecular adsorption layer covering the whole surface, the assumption of full 
wetting corresponds more closely to reality. 


2. Capillary condensation in a sorption cell, for the limiting case, 


The volume of condensed liquid around the poiat of contact of two spheres of equal radius can readily be 
calculated for the limiting case of full saturation, i.e. when the relative vapour pressure p/ps is equal to unity. 


The condition p/p, = 1 leads to a value of C =o in the preceding formulas,and in this case the Thomson equa- 
tion assumes the simple form: 


+Vp*=0, (3) 
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It hence follow, chat the meniscus of the Mquid around the point of contact of the spheres corresponds to a 
susface 01 sotarion of zero curvature, B well known that such a surface is a cateacid, obtained by the rotation 
of a section of a catenary curve around some axia, 


The point of intersection of the coordinates is given by the point of contact of the spheres (Fig. 2), taking 
as the x axis a line joining the centers of the spheres, and as me y axis a line perpendicular to this, In these 
circumstances the equation of the catenary curve NM is: ; 


In order to find the volume of condensed Haquid {it {s necessary to determine the parameter a of this curve, 
as well as the coordinates 2; and y), of one of the poine vi contact of the catenary with a sphere (point M). B 


follows from the conditiom € = op that the values of a, +X) je and Yn depend Only on the radius-of the sphere, R, 
and not on any material constant, 


The equation for a segment, the center of which 4s on the x axis, and which touches the y axis at its 
origin, has the form: 


V 2Rx — 


If the condition of full wetting ts accepted, then it is obvious 
that the catenary must contact the sphere at the point M, oa the 
conditions that 


(4) 
sh = R-*M 
-ach 
If for conven‘ence we write =R/a and z = x, /a, equation (4) takes 
the form 
chz=Y (5) 
The second of these gives 
sh 2z. (2% 
Eliminating z, from formulas (5) and (7) we obtain the transcendental eqearzon for the unknown z: 
shoz = -2z, (8) 


which has one real root, and may readily be solved graphically. We thus find that z = 0.639, after which 
equation (7) givesz, = 1.468, The value of the parameter a of the catenary can henee Teadily be calculated, 
as well as the coordinates of the point M: 


R 
1.468 


a= = 0.681-R: = 0.681- 0.639R = 0.4552: y 0-826R 


As was expected, all three characteristics of the geometrie conditions for formation of the meniscus are pro- 
portional to the radius R. The volume v of the Iquid between the two contiguous spheres 1s obviously equal to 
that of the catenoid NMN*M?® (Fig. 2), less twice the volume of the included seg*nent of the sphere, Le., se 


Vy —2Qw. 
The volume V of the catenoid is given by 
2x 2xy 
Vx = (» = A 


The values of a and x mw were derived by us above, as fractions of the radias of the spheres, whence it 
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follows that 2x, fa = 1.279, and that Vi = 1.279 1.279) oF Vix = 0.464088, 


The volume w of the segment of the :phers, height x), and halfchord * length y p4ls given by w © 
+ x44). Substituting the values of and y found by us we obtain 2w 0.32449 The 
volume of liquid sormed around the point of contact ts thus finally given by v = Vy —2w = #R(0,4640-0,3244), of 


v= 0.2096 (10) 


It hence follows that v is proportional to the volume of the contiguous spheres, the coefficient of proportionality 
being independent of the properties of the liquid or vapor. 


We would add that the value of the volume obtained above corresponds with limiting filling of the sorptica 


cell formed by two contiguous spheres, The total amount of capillary-condensed Liquid per unit mags of sorbent 
will be calculated below, 


3. Shape and parameters of the meniscus of the Hquid obtained by capillary condensation of vapor in a 
sorption cell (general case), 


The above case of limiting filling of a sorption cell formed of two contiguous spheres is that obtained 
at completion of the process of capillary conceiation of vapor in crevices. We were able to show that this 
state is associated with formation of a concave lqcuid meniscus of definite shape and dimensions which are 
independent of the nature of the adsorbate (of its physical constants). The effect of the nature of the vapor 
undergoing condensation ts manifested in the process of filling up of the cells, It is not yet possible to follow 
the development of the process of condensation with time, te., the kinetics of capillary condensation, We 
cannot for this reason describe the process of appearance of the first portions of liquid around the point of contact, 
but in general it may be supposed that the process of increase in the amount of condensed vapor, as the equilibrium 
pressures rise from small to high values, can be represented as a progressive shift of the concave equilibrium 
meniscus farther and farther from the point cf coatact. To each relative pressure p/p, will correspond a givea 


liquid meniscus and a definite volume of ligaid in the cell, At the limit, when p/p, = 1, the amount of liquid 
in the cell will be at a maximum, 


We shall now detezmine the shape of the meniscus and its parameters for the case p/p,<l, in order to 
ascertain how the amount of capillary condensed liquid in a cell gradually rises with increasing p/p,, and 
thence to construct isotherms of capillury condensation Under these conditions the magnitude C {is finite (c>O), 
and the problem reduces itself, in the first place, to an analysis of an equation of the type: 


Vp (11) 


For p/p, = const. the equation corresponds to the surfaces of a constant final cugvature. It is known [5] 
~.that one such surface is the so-called nodci¢, obtained by the rotation of a Mat spiral line (trochoid) around some 
axis. A second surface with a constant curvatwe is the unduloid, given by the rotation of an undulating line 
around a specific axis, 


The problem of finding the shape and the parameters of the meniscus of the liquid between contiguous 
spheres can be solved, in its most general form, one of the solutions corresponding to a concave mensicus, and 


another to a convex meniscus. It is evident that the second case is connected with the theoretical description of 
the process of evaporation, 


The equation for the meridianal curve of the figure of rotation forming the meniscus of the Uquid can be 5 
derived in the following way. Let AB (Fig. 3) be an are of the meridianal curve, the axis of rotation of which : 
coincides with the line zz*. We shall adopt the arbitrary convention that the direction on the axis z from below 
up is a positive one, and the abscissas axis or will be drawn through the point of contact of the spheres. ¢ and ¢® 


are the centers of curvature of the surface, corresponding with the radii of curvature p and p®* at any point of 
this surface of rotation, It is evident from the figure that 


where p = dz /dg, 
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dr 
The left-hand side of equatinn (11) can 
: thus be written in the form 
1 4 tla 
slat + 
i 
1 1 dg sing) 
1 4rsing 
tn which C> 
yd Equation (42) is the basic differential equation fos the de-+ 
Fig. 3 ; tivation of the shape of the meridianal curve, The first integration 
rsing = + const, (13) 
' 

In considering how to find the value of the integration constant it shovld be »oted that for all the diverse 
cases of the meniscus of the liquid between two contiguous spheres the angle r of slope, of the tangent to the or 
axis may assume any values, since otherwise an additional condition, devoid of any physical meaning, in the 
given case, would have to be imposed on formation of the meniscus, We know that of the two meridianal curves 

' giving surfaces of constant curvature the undulant curve corresponding to an undulold has inflection points with 


finite values of r, and does not have any points at which r =2xn. On the other hand, a trochoid has no points of 
inflection, and for it r can have any values. These considerations show that in the given case a we 
meniscus is formed (in the general case it is convex or concave). 


Analysis of equation (13) shows that the variable r varies between the minimum «nd maximum values, 
Infact, sin r varies between the limits—1 to +1. For these cases we have 


+ const. (14) 
Cc 
and 


where 1, and'r, are the minimum and maximum distanc~s of the trochoid from the zz" axis, It. follows from 
these equations that 


= (16) 
It is further clear that the value of ths angle r = (2n + 1) 2/2 corresponds to that of a concave meniscus, 
the examination of which is our object. For this meniscus on the or axis a distance of the wochoid from_zz” of 
r =r, is the minimum one, At r = 2nx/2 the value of ¢ achieves a maximum value of rz, which corresponds 


to a convex meniscus, The trochoid is thus charactesized by two parameters ry and tz, which are connected 
ee with C as in equation (16). Since in our problem C is known, we need determine only the parameter fy. 


Substituting the value of the integration comtant from equation (14) into equation (13) we obtain 


sin =1/C (-4) 


Solving this equation for p= dz/dr we obtain 
an 
+ 


where the upper sign corresponds to be positive direction taken by us on the z axis, It should be noted that in 
our problem 11g. s always> 1°, since the values of x which concern us are close to fy. 
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We obtain from equation (17), on the condition that s = 0 for z = m9 


ios) (18) 
=) ™ 


The integral of this expression is converted in the usual way into elliptic integrals of the 1st and 2nd orders, 


Writing for convenience 
and assuming that 
A@, 
where K is a modulus, and ¢ is the argument of the ellipric integrals. We know that 


ast 


We then obtain, after substitutidn of the variables in formula (18): 


z= + [ty —tg (2% 
We have here, for the sake of shortness, assumed 


(205 


where F(a) and=(a@) are full elliptic integrals of the Ist and 2nd orders, in the Legrange form: 
«/2 


F(a) = \ 


(21) 
(Q= 
The functions F(a, ¢) and E(a,¢@) are elliptic 7 integrals of the first and second orders, from the argument ¢: 
¢ 


E(x, ¢) = 


Formula (20) is the equation for the required meridianal curve, which is an infinite flat spiral line 
(twochoid), with the parameters t and tg. We are concerned with only a small sectior of the trochoid near the 
point with the abscissa ry, to which corresponds the concave meniscus of the liquid. The integrals (21) and (22) 


ate tabulated [6]. We have prepared auxiliary tables for the differential integrals $ and ¥, entering into 
formula (20). 


The problem of finding the parameters of the trochoid meniscus may be formulated as follows: to 
make a section of the wochoid for a given value of C, symmetrically in contact with two contiguous circles of 
tadius R- The point of contact of the circles is at the point of intersection of the coordinate axes (Fig. * , and 
the centers of the circles are on the z axis. As a result of the symmeuy of the system around the r axis the 
problem may be simplified, and reduced to the derivation of the parameters of a trochoid touching one of the 
circles, the point of a wochoid with the abscissa ry lying on rhe r axis. We let this contact take place at the 
point M, having the coordinates ry and zy The equation foi the circumference will have the form 


z=R+V 


We have for the point of contact M, under conditions of full wetting: 
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In addition, we have the relatioa 
(25) - 
In the system of equations (23),(24), and (25) the values of ry, fy, and ry are unknown, Obviously tg>te>ty. 
From equation (24) we find 

We introduce the non-dimensional magnitudes ae 

B= CAR x4 B= xy 


x*8 1 
Tes (26) 
After substituting the new values and the value of x, in formula (23) we obtain 


It from equation (19), qsh, and that 


sin a =\/1- (28) 


Equation (27) is solved graphically, a«“he given value of 8. Its right-tand side is a function of « « only, 
since the angles a and 4, depend on x, according to equations (28) and (29). The graphical construction shows 
that for each value of 8 equation (27) has only one root, ie., x is determined unambiguously, 


Formula (26) thea takes the form 


We shall here outline the solution in principle only. In practice, since the pubiished tables give values 
of integ-als at different moduli at intervals, for arguments at 1° intervals, we applied this method, 
in order to avoid laborious interpolations, 
cos 
l-ces@ 


it follows from (28) that x = B- 4, where 4 = 3 the lefthand ‘side of equation (27) then 


assumes the form: 


=1-\/1- 24+), (274 


and the right-hard side will be: 


Using the tables, we construct a family of curves for ¢,) and — a. in relation to & 
at values of « through 5° to 85°. All values of 9 were calculated for each given B, as well as the corresponding 
_ values of the angle ¢, from the formula (29). We then used formulas (27}) and (27!) for the calculation of the 
~ functions P,(n) ahd P,(7), 2nd yraphs were drawn, ‘pn which the values of the roots n at different 8 were given by 
aay the points of intersection, The urknowns x were firally derived from the relation x = By. 


We thus found the va'ues of x and x ¢ B for a ser‘es of values of the parameter, and we then derived the 
values of x, f-om forma (26°), 1. €., we achieved a full sotution of the problems of the parameters of the meridianal 
curve, wt. ich fs the concave meniscus of the liquid between two contiguous spheres, The results of these calculations 
are given in Table 1. 
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TABLE 1 Increase in the coefficient B is associated with rise ia 
Be CR eB relative vapor pressure p/p,. The magnitude x represents the 


relative distance of the middle of the meniscus from the point 
of contac’ of the spheres, The values given in Table 1 hence 
indicate how the meniscus moves in accordance with increase 

in vapor pressure, Fig. 4 shows the relation between x and ‘8, 
according to the values of Table 1, and also gives the Limiting 
position of the meniscus, corresponding to the broken line for 
p/P, = 1, derived as above, We see that for small B (small p/p,) 
the distance x besween the middle of the meniscus and the point 
of contact of the spheres rises rapidly, and that the rate of increase 
is strongly retarded as pp, approaches unity. The relationship 
found is independent of the size of the spheres and of physical 
constants, Le., the curve of Fig. 4 is a universal one. ° 


1,00 0.502 10.634 1,502 | 
1.50 0.525 /0.652 2.025 


a“ 4. Volume of condensed liquid in a sorption cell, for 
the general case, 


. * The volume of condensed liquid in sorption cells for 
: different values of B or p/ ps can be calculated from the values 
of the parameters of the meridianal curve found above. Ir is 
. obvious that this yelume may be represented as the difference 
between two volumes: 
vs Vy 
The first of these, Vy is the volume of the figure of rotation 
(nodoid) given by rotation of an are of a wochoid around the z 
axis, limited by planes of origin parallel to the r axis. The Sp: 
Fig. 4 ' second voluine 2w is that of segments of the spheres, tangential 
to the nodoid. 


The volume Vy is derived as the volume ofa figure of rotation, using formula (17): 


Z ty 


— (30) 

Here r, and z, are the coordinates of the point of contact. Introducing the previous symbols from (19), 9, and 
(191, we substitute for the variable in formula (30), to obtain: 


«/2 
or 
2 «/2 
Oe %e 


The first of these integrals is an elliptic integral of the first order, and the second may be reduced to a 
combination of elliptic integials. It can be shown that [7] 


Substituting the expression (32) into formula (31), and taking into account the integration limits, we obtain: 


7 
0.05 0.194 0,212 
0.10 [0.250 |o.282 0.350 
0.20 0.325 10.377 |0,528 
0.30 0,370 0.437 0.670 
1 0.40 0.404 |0.482 10.804 
0.50 0.492 {0.518 
0.60 [0.455 10.548 
0.80 {0.485 [0.588 11.285 
a 
892 


-Here and o(a, are differential elliptic integrals for the argument in accordance with formula 


tion (20 
The doubled volume 2w of the spherical segment is given by 
Qw = + (34) 


The previous non-dimensional parameters x, B, and are introduced into formwulse (33) and (34), when the 
volume v of condensed vapor can be represented as 


where the 1/n-dimensional function U has the : 
U=(2 4x) (x + + Xp 2x) sin 2 x(x + (x + B) ta. 4) 
} (36) 
TABLE 2 The values of the parameters x and x, entering into 


expression (36), are found for different given values of B by-the. 
method described above, The corresponding values of @ and — 
32.49° 1078 $, are der!ved from formulas (28) and (29). The integrals and 


0.10 _ 39.45- 1078 ware found from the tables, For a given radius R of the sphere 
0.20 53.84-10°3 the relation (36) expresses the relative change in the volume of 
0.30 10.66" 107% condensed vapor with change in B, i.«., with change in vapor 

0.40 o¢ 1209.4-10 8 pressure, Table 2 gives the calculating values of U for certain 


6, derived by means of formula (36), The values of U for various 
intermediate B are found from the graph drawn on the basis of the 
values of Table 2, not shown in this paper. 


The last column of the Table gives the value of U for full saturation (when p/P, = 1), derived by us above 
from the volume of the ceteno‘d (form la 10) for the limiting case. The relative volume _U is a universal function 
of B, independent of the radius of the sphere, and of physical constants, Lf we introduce the relative vapor pressire 
PYP,, and express U_as a funciion of this variable, it becomes evident that the value of U rises as that of R falls, 
Formula (35) allows us to catcclate the volume v of condensed vapor ai different p/ ps, and for spheres of 
different radii 


As an example, we have c2iculated U and v for spheres of different radii, for capillary condensation of 
dDenzene at 20°; the following constants were takea: O = 28 5 erg/sq. cm.; dgg = 0.879 M = 78.1L 
20V 


Since C “2 we obtain the following, afier substituting the values of the physical 
constants: 

C = 0.917-10 7- (log 
TABLE 3 


P/Ps |R=1-10°¢€cm R = §-10°$cm 


U%e 


0.50 _ 0.16 

0.60 0.541 0.26 j 6.8 
0.80 1.377 ' 0,92 24.1 
0.90 2.60 2.48 65 
0.95 3.50 5.57 146 
1.00 4.39 20.9 550 


Table 3 gives the values of U and v for spheres of different radti, and for certain relative pressures p/Pg. 
The values of B = C/R are calculated using the above value for the parameter G 


~ The results given in tre Table point to certain features of the so-ption system under consideration, due 
to its geomettical properties, The magnitude U fs, as is evident from formu)a (35), a quarter of the relative 


> 
0.05 
3 : 
| R= 1-10 Sem IR = 5-107" cm 

0.07 14.7 0.01 262 

0.10 0.015 333 

0.32 67.0 0.04 1049 

0.99 207 0.095 2490 ag 

2.57 540 0.26 6820 a 

hy 

20.9 4390 0.9 55-104 

= 


volume of capillary-condensed Hquid, f.e., it shows what fraction of the volume of the sorption cell ls occupled 

by the Uquid in it, It is evident from the data of Table 3 that this fraction is in general a small one, not exceeding 
abou. 5% at its Mmiting value, I is further evident that it fall: steeply as the radius of the sphere Increases, On 

the other hand, the volume of sorbed liquid rises steeply as the size of the spheres Increases. Finally, the calculation 
shows that with increase in vapor pressure the volume v rises, at first gradually, and then quite steeply, especially 
for large particles, 


When we proceed to the analysis of the process in systems formed of large numbers of spnetes we shall see 
how these properties of sorption cells affect the total magnitude of sorption, and what effect they have on the 
form of the capillary condensation lsothenns, 


The author has pleasure In acknowiedging his gratitude to M, M, Dubinin for the interest he has taken in 
this research, and to A, V. Kiselev and V. V. Serpinsky for thelr useful advice, 


SUMMARY 
1. A theoretical analysis of the process of capillary condensation in a system consisting of two contiguous 
spherical particles of the same radius has been conducted, 


2. An expression has been found for the meniscus of the liquid {9a sorption cell, on the assumption of 
full wetting, and the volume of sorbed vapor has been calculated as a function of the vapor pressure, 


3. The behavior of a sorption cell has been shown to follow from its geometrical properties, 
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CATALYTIC OXIDATION OF PHOSPHINE OVER A WIDE RANGE OF TEMPERATURES 


E. A. Andre+v and N. N. Kavtaradzse 


INFRODUCTION 


We have in out earlier papers [1,2} given a detailed description of the results of research on the catalytic. 
oxidation of phosphisie at moderate ten.peratures (18-120°), in presence of charcoal activated with copper salts. 
We found that, together with a rapid process of physical adsorption, a specific irreversible process of adsorption 
of phosphine by copper oxides took place. The kinetics of the combined (physical and urevers:ble) adsorption of 
phosphine is expressed by a parabolic equation (3) 


q= 
where qis the amount of adsorbed gas, Ais.a constant, t is time, and 1/n is an index of the degree. 


We showed that the catalytic oxidation of phosphine en charcoal treated with copper salts involves a stage 
of chemisorption on copper oxide on charcoal. The kinetics of oxidation of phosphine in the adsorption layer may, 
Over the range 18-120°, be represented by the Roginsky-Zeldovich equation [4]: 


a 


where a is the initial velocity, a is a constant, q is the amcunt of adsorbed gas, t = 1/aa, and t is iime in minutes. 
We thought it would be of interest to investigate this same reaction at higher temperatures, 


264-320°, we shall briefly review published views on the state of the surface of active charcoal. Such a surface, 12 
contact with damp air, adsorbs molecules of water, carbon dioxide, and oxygen. Shilov and Chmutov [5] suppose 
that in addition to physically adsorbed molecules of oxygen there. may exist, under different conditions, three sur 
face oxides, having different ratios of carbon to oxygen. 


At 320°, and in a vacuum given by a mercury-diffusional pump, .we achieve not only total] elimination of 
physically adsorbed oxygen, but also partial desorption of the oxygen chemicaily bound by the surface of ‘the char- 
coal as oxides of carbon. Chemisorbed oxygen is tenaciously retained by the surface of actve charcoal, since the 
heat of adsorption of oxygen at low saturations is close to that of formation of oxides of carbon [6,7]. Complete 
removal of chemisorbed oxygen from the surface of active charcoal 1s not achieved even at 900°, with prolonged 
evacuation. 


EXPERIMENTAL 
Experimental methods, and preparation of samples of charcoal with chemisorptive 


and catalytic properties 


The apparatus described in our preceding paper, with quartz spring+ 2ian ce, was used for the study of cat- 
alytic oxidation of phosphine at 200-320°, The accuracy of the measurements was in most cases within 0.1% by 
weight, and the temperatures varied by + 0.5°. The experiments on adsorption and desorption were conducted ac- 
cording to the methods described in our earlier paper [2}. As in our previous researches, we used as the carier 
for the catalytic additives ground recuperational carbon AP, with a grain diameter of 1.5 to 2.5 mm., and an ash 
content of 8%. The specific surface of this charcoal, as determined by the m. hylene blue method, amount to 
410 sq. m/g. 


The processes of adsorption and desorption of methanol were studied, in order to obtain a fuller picture of 
the behavior of the recupcrational carbon as an adsorbent. 


Before proceeding to describe the rest'lts of our studies of the catalytic oxidation of phosphine over the range 
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Fig. 1 is based on measurements made tr A, V. Kiselev's laboratory, 
and shows the od sorption (1) and desorption (2) isotherms for methanol at 26°, 
on recuperational carbon previously trained at 400° in high vacuum, Ths 
radil of the capillaries were calculated from the Thomson formula, for the 
desorption branch of the isotherm 

ps/P 


In this formula the surface tension of liquid methanol o = 22.55 esg/eq. cm., 
the gas constant R = 8.315 x 10” erg/*/mol., the relative pressure of methan- 
ol being designated as p/p,, where pg is the saturated vapor pressure of the 
adsorbate at the experimental temperature, 


The process of desorption can, as was shown by Zhdanov [8], be des- 
cribed by the above formula, L:respective of whether the pores end blindly 
of pass right through the granules. The results of the calculations suggest 
that the pores of our ch.aicoel are largely of the transitional type. 


One sampte of charcoa! with additives, designated AP-1, was prepared 
by impregnating a weighed sample of AP charcoa! with a solution of copper 
Fig. 1. 1) Adsorption isotherm, sulfate, so as to g've a product containing 4% of copper, after drying. A sec- 
2) desorption isotherm for meth- ond sample, designated AP-2, was prepared in the same way, but was treated 
anol, at 20°, for secuperational . with aqueous dmmonla before drying, and was then heated at 250-300° for 
carbon, subjected to preliminary 3-5 hours; in this sanple the cuprammonium salts underwent decompositioa 
training in high vacuum at 400°, when heated, yielding oxides of copper. 


We stail show that water is quite tenaciously retained by the oxides 
of copper. According to Fricke and Huttig [9) the process of dehydration of 


dry cupric oxide monohydrate in a stream of dry alt proceeds throcgh a series of stages, each with a different 
water context 


Adsorption and chemisorption of phosphine by recctperational carbon with and without 
additives 


The experiments on adsorption of phosphine were conducted at high temperatures, under conditions excluding 
the possibility of contamination of the adsorbent by lubricant or mercury vapors, With this object, the waining of 
the adsorbent at 315° and the adsorption of phosphine were conducted with the use of carbon dioxide snow as a cool- 
ant, at -78", both in the Dewar vessel attached at the quartz spring-balance and in that with the U-tube. The most 
interesting feature of the experiments at sutficier-!y high emperatares was the : 
oxidation of adsorbed phosphine by oxvgen, which was ivevers_bly adso_bed and 
chemicatiy bound by both the active chazcoal and she coppes additiye. 


a) Chem sarpon of p:osphire by recuperationa? ca:bon without addi- 
tives, and desorption of t*e products of surface reaction 


We fizst had to determine to what extent oxygen actively adsorbed or 
chemic23y boind by the surface of the adso:benrt takes part in the process of 
chemiso:ption of phosphine. Special expe::ments wiih 100 mg po-tions of 
active chzrcoal were undertaken with this object, at 315°, firs: measuring the 
kinetics of adsorption of phosphine (Curge 1, Fig. 2) at 110mm, and then 


desoroing (Curve 2, Fig. 2) by means of a portion of degassed active charcoal 
contained in a vessel cooled in Liquid air, t 
coal, without additives; 2) desorp- 
The amount of desorbed preduct was three times g:eate: chan was the tion at.315°; 3) repeated adsorptioa 
amount of adsorbed phosphine, showing that !t w2s a product of zeaction of at 315°/102 mm; 4) desorption at 
phosphine with oxygen actively adsorbed on the surface of the charcoal. 315°; 5) repeated adsorption of phos- 
Repeated adsorption of phosphine (Curve 3, Fig. 2) gave very little oxida- phine at 315°/102 mm, 


tion, because mext of che oxygen had been used up in the first adsorption- 
Geso:ption cycle, The 2mount of phosphine adsorbed in the second cycle was considerably greater than in the first, 
probably because phosphine molecvles occupy places on the aisorbent suwface previously occupled by oxygen mole- 
cules, In the third cycle the arrount of desorbed phosphine is exactly equal to that adsorbed, showing that it was 

recovered unchanged, 
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b) Chemnsotptron of tecuperatic.ial carbon with copper salt additives and desorption of products of the sure 
face teacnion, 


High temperatute adsorption of phosphine on charcoals with copper additives, and subsequent desorption, 
proceed quantitatively diffcrently to the case of adsorbent without additives, Fig. 3 shows that total (physical and aes 
chemsorption) adsorption of phosphine falls as the temperature rises from 130 to 264° (Curves 1 and 2, Fig. 3), & cs 
above which it rises with temperature (Curve 4, Fig. 3). These effects are explained by supposing that although Ag 
physice! ad-orption fails, specific adsorption (chemisorption) rises with increase in temperature to 320°, fe 


The Table gives values for adsorption of phosphine, in mg/g, and also 
for bata of phosphine and its oxidation products. The same Table also 
gives results for the amount of 
adsorbed oxygen, in mg/g, after 
desorption of phosphine and its 
oxidation products, 


At 264° and 220° the de- 
sorption process proceeds differently, 
according to the experimental con- 
ditions, judging from the amount of 
desorbed -product, as well as from 
the amount of oxygen remaining 
in adsorption (see Table). 


asa 


It was of interest to ascer- 
tain whether the oxygen of ad- 
sorbent AP-2 is all used up after 
the first chemisorption of phosphine 
at p = 100 mm, for which reason 
special experiments involving re- 
peated adsorption of phosphine were 
performed. Curve 1 of Fig. 4 rep- 
resents the process of adsorption of phosphine at 320° on a fresh portion of adsorbent AP-2. Curve 2 represents the 
process of desorption of the products of éheimisorption of phosphine, Curve 3 the process of repeated adsorption of 
phosphine on the same adsorbent, and Cutve 4 the process of repeated desorption. As in the absence of additives, 
considerably enhanced adsorption 


Fg 3. Adsorption of phosphine Fig. 4. 1) Adsorption of phosphine 

on active charcoai A?-2, con- at 320°/102 mm on active charcoal 
taining copper additives: 1) at AP-2; 2) desorption; 3) repeated ad- 
130°/102 mm; 2) at 2647102 sorption of phosphire at 320°/102 mm; 
mm; 3) at 2647105 mm; 4) repeated desorption 

4) at 320°/102 mm, 


¥eres (45 % more) of phosphine was 
te Adsorption of Desorbed phosphine ; Adsorbed | found in the second adsorption- 
émpecta- 
phosphine, and its oxidation oxy,en, Remashs desorption cycle. 
320 25 41.5 $2.5 Desorbed by means view that the parts of the surface 
264 21.4 20.8 : 53.2 of active charcoal which were in the fresh adsorbent 
cooled to the tem- occupied by oxygen molecules 
: perature of liquid were, on repeating adsorption, 
nitrogen. occupied by phosphine molecules, 
264 21.4 2.0 | 22.9 Exhausted by means Thus during primary adsorption of 
: of a mercury-diffus- phosphine the first stage of the 
: | ional pump. reaction involves formation of a 


phosphine-oxygen compound, 


The weight of products desorbed after the second adsorption only slightly exceeds (by 7%) the amount of 
phosphine adsorbed, showing that nearly all the available oxygen was used up in the chemisorption reaction of 
the first cycle, 


Adsotptron of*oxygen by active charcoal treated with phosphine at high temperatures 


We have shown earlier {1, 2) that raising the temperature of degassing from 17 to 320° leads to an increase 
in the amount of chemasoibed phosphine from 5.3 to 9.2 ml/g NTP, Experiments on oxidation of chemisorbed phos- 
phine by gascous oxygen at 17° showed that a considerable part of the phosphine in chemisorption on charcoal pre- 
viously evacuated at 320° does not undergo oxidation at 17°. Thus, phosphine adsorbed on special parts of the 
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edsorbent surface, which are made accessible only by training at high temperature, does not react with gaseous 
oxygen at 17°, 


We shall chow that the process of adsorption of phosphine proceeds identically on epecimens of adsorbent 
wth added copper sulfate, with or without subsequent treatment with ammonta, The process of adsorption of 
oxygen is much move rapid on adsorbents uéated with ammonia and heated aftes addition of copper sulfate 
. (Curve 2, Fig, 6), -s0 that thet: copper ts in the form of oxide, than in the case of adsorbents treated with copper 
svifate alone, Thus the process of oxidation ts greatly accelerated at room temperature on charcoals containing © 
oudes of copper, a8 compaed with those containing sulfate, 


The magnitude and the velocity of adsorption of oxygen at 264-320° on charcoal containing copper come 
pounds, and on which phosphine had fust been adsorbed and then desorbed, depend very largely on the conditions 
of desorprron, Desorption by means of charcoal cooled in Mquid nitrogen leads to elimination of a considerable 
pat of the producss of chem:sorption of phosphine, Thus-at 526° the weight of desorbed product {s twice as great 
as the weight of adsarbed phosphine, An abrupt rise in the velocity and amount of adsorption of gaseous oxygen 
*s “bse: ved, as compated with charcoal which had been subjected to desorption effected by means of a mercury- 

7 diffusional 


The five ¢ urves of Fig 6 represent the kinetics of adsorption of oxygen at~ 9.5 mim, at different tem- 
peratures. It is evident that Curves 4 and 5, at 320°, differ relatively lMtde from Curve 3, which represents ad- 
sa pron kinetics at 264°, In al! these experiments portions of charcoal AP-2 were flist treated with phosphine at 

a pressve p=105 mm, The method used fer desorption of the products of the surface reaction was the same In 
al’ cases, viz., exposure to charcoal cooled in liquid nitrogen. The final values for adsorption of oxygen were 
practically sdentical in experiments 3, 4, and 5, amounting to 
q = 52.5 mg/g at 320°, ard 53.4 mg/g at 264°, Lrrespective of the q* 
large d’ffe-ences 1n the values 
for peliminary desorption, 


The kinetics of ad- 
sorpnon of oxygen at 264° were q : 
very different (Curve 2, Fig. 6) 
when the products of the surface 
reaction of phosphine with ac- 
trvely adsorbed oxygen were de- 
so bed by means of evacuation 
with a meicury-diffusronal pump. 


a? 


Adso prom of any contaminants tma 
(MEicury lep-grease V3 por) 
++. excluded by means of do.ble —- Fig. 5. Adsorption of oxygen: 1) ad- Fig. 6. Adsorption of oxygen at 320° 
tople taps cooled tn liquid sorption of oxygen ar 19°/10 mm on . by portions of ac:‘ve charcoal AP2 
al; active charcoal with added copper —_on which phosphine had previously 
: sulfate, without subsequent treat- been adsorbed and desorbed: 1) at 
Adsorption of oxygen on 


ment with ammonia, and contain- 130°/9 mm; 2) at 264°/10.5 mm; ~ 
ing 9 mg/g of irreversibly adsorbed 3) at 264°/9 mm; 4) at 320°/9 
phosphine; 2) adsorption of oxygen mm; 5) at 320°/ 9.5 mm, 

at-at 17.5°/9.5 mm by active chare 

coal AP-2 (treated with ammonia), 

containing 9.6 mg/g of irzeversibly 

adsorbed phosphine, 


chacost AP2 19 the exper ments 
represented by Curves 5, 4 and 3, 
Fog 6 +: eq to the amount of 
reeced for total orrda- 
of the sdso bed phosphine, 
The evperrmental results «ndicate 
that at 264-320° actvely ad- 

so bed phorphine is oxidized 
large'y by ovygen which ts actively adsorbed and chemically bound beth, by the carbon and by the copper additive, 
We stall call thes the curface seaction of oxidation of phosphine, 


The identical results for adsorption of oxygen on activated charcoal) at 264 and 320° may perhaps be 


due to the previensly desorbed product being fully oxidized (F205. 1,0), since subsequent adsorption of oxygen 
otetffected by the presence of this substance, 


"tmay be thought that atter partial desportion of the product of chemesorpuion of phosphine, in total 
absence of oxygen and at 264-320° 4 should be possible to obtain a carbon and a metal surface free of activly 
adwibed or chemically bound oxygen, Formation of a metal surface free of oxygen 18, according to 
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Roginsky [10), possible only in excepnonal cases, at the very end of the catalytic process in presence of excess of 
oxidized substance, 


A confirmation of the hypothesis of formation of a surface of high activity with respect to oxygen during a 

the process of stepwise adsorption of Phosphine and desorption of the products of its chemisorption at 264-320° Is fon 
afforded by the following observation, 

q-38 After desorption at 264° of the pro- 


ee duct of chemisorption of phosphine 
the surface of the charcoal AP2 come 
dines rapidly with considerable amounts 
of oxygen at pressures of the order of 
ed 10°? mm, An Licrease in weight due 
to adsorption is observed when the 
quartz spring-balance is connected 
20 with mercury-diffustona! ard ofl 
vacuum pumps, even when it is pro- 
tected from acczss of mercury and 
4 ol) vapors by three traps cooled In 
liquid air (Curve 3, Fig. 7). 
The kinetics of adsorprion 
0 came a of phosphine sre shown by Curve 1, 
fauna Fig. 7, and desor gion of the products 
chemisorption of phosphine is 
Fig. 7. Adsorption of piecphine — Fig. 8. 1) Adsorption of oxygen tepresented by Curve 2, and ad- 
on activated charcoal AP-2 at at 264°/0.015 mm; 2) adsorption — sorption of oxygen at 264°/9 mm by 
264°/105 mm; 2) desorption of of oxygen at 264°/10 mm, Curve 4, A rough calculation shows 
products of susfece reaction of that under these conditions (264°/ 
phosphine witr 2dso:bed oxygen, 10™ mm) only a few collisions of oxygen molecules from the gaseous phase 
3) ere of oxygen at 264°f are needed for them to become adsorbed. 
wh ogre Legg dial A special experiment was performed with a portion of charcoal AP 2 
, on which phosphine had first been adsorbed at p = 75 mm and 264°, and the 
products of surface oxidation of phosphine were e then Jesorbed, Curve 1, 
Fig. 8, represents kinetics of adsorption of oxygen at 264°/0.015 mm, and Curve 2 represents hinsties of adsorption 
of oxygen at p= 10 mm, 
| In connection with the above Bruns* paper [1i) on activated adsorption of oxygen by active charcoal, and 
its role in the cztalyt"c process, is of interest. This auchor found that only tore molecules of oxygen which were 
loosely bound tc it-e active charcoai displayed catalytic ectivity, while strongly bound oxygea was 
In our opinion this may be true for the catalytic oxidation cf phosphine at room iemperamre, but at 264-320° 
practically al! cf the oxygen, both adsorbed and chemi!caliy bound to cnarcca! AP-2, is used up in the chemisorp- 
tion of phosphine. 
Repeated cyctes of stepwise oxidatien of phosphine on charcos! containing copper 
compound 
Experiments on adsorption and desorption of phosphine on charco4a) AP 2 witt: subsequent adsorption (chemi- 
4 sorption of oxygen fiom the gaseous phase is of considerable isterest, from the point of view of regeneration of active 
| centers of catalysts, Our experiments were conducted at 264 and 320°; Fig. 9 represents two repeated cycles at 320°. 
2 The first cycle of stepwise oxidation is represented by Curve 1, which shows adsorption of phosphine at p = 
6 | 102 mm, Curve 2 represents desorption of products of surface oxidation of phosphine; Curve 3 relates to edsorption 
ms of oxygen from the gaseous phase (left-hand branch of Curve 3) and desorption (right hand brench of Curve 3) be- 
fore the second cycle. A characteristic feature of this cycle js that maximum desorption of the substance takes 
place after the surface reaction of phasphtne with the oxygen bound to the catalyst, 
The second cycle of stepwise oxidation includes the same processes; chemisorption of phosphine (in spite of 
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the slightly lower pressure than in the first cycle) is represented by Curve 4, and 1s somewhat greater than in om 
first cycle, 


It is evident that formation of catalyst took place ( 
during the first cycle, and was followed by desorption of 
the product of the surface reaction of phosphine with cate 
alyst oxygen (Curve 5, Fig. 9), and finally by adsorptioa 
of oxygen, represented by Curve 6, Fig. 9, which was 
found to be equal to that found in the first cycle, 


The stepwise catalytic process of oxidation of phos- 
phine may thus be regarded as one of alternating reduction 
am oxidation of the catalyst surface, 


Preliminary experiments on chemisorption Fig. 9. Repeated 
of phosphine on cuprous ard cupric oxide phosphine at 320°, on charcoal AP-2: 1) adsorption 


of phosphine at 102 mm; 2) desorption; 3) adsosp> 
tion of oxygen at 9 mm: 4) repeated adsorption of 
phosphine at 88 mm; 5) desorption; 6) adsorption 
of oxygen at 88 mm, 


Experimental study of the role of the carrier of 
additives catalyzing the reaction of oxidation of phosphine 
showed that the nature of the surface and the porosity of 
the carrier play a quite important part in formation of the 
catalysts, The active charcoal {s not only the carrier of the 
catalytic additive; as we have shown above there is no doubt that chemisorption and subsequent oxidation of phos- 
phine take place at its surface at elevated temperatures. At 18° the process of irreversible specific adsorption 
takes place only on highly dispersed copper compounds on charcoal. In contradistinction to charcoal AP-2 finely 
powdered commercial granular cupric and cuprous oxides only weakly adsorb phosphine (~ 2 mg/g) at room tem- 
perature. This may be ascribed in the first place to the much smaller specific surface of these dxides than when ~>-- 
they are on the carrier, and in the second place to the activity ? $ (? 
of these oxides being much lower than when they are on char- a) , a 
coal, 


4s the temperature rises to 130° adsorption of phosphine ry. 

on both cuprous and cupric oxide rises sharply, attaining 9-10 % & 
of the weight of the catalysts when these were previously treated 2 
with oxygen at 120°/30 mm for 20-30 min. The results obtajned a 
é 


_for kimetics of adsorption of phosphine by cuprous and cupric “9 
oxide at 130°/100 mm are shown by the curves of Fig. 10. Ad- _ 2 axe 
sorption of phosphine on cupric oxide (Curve 2) proceéds much Fig. 10. ne of phosphine by oxides of 
more slowly than for cuprous oxide, under the same conditions, copper at 130°/100 mm; 1) adsorption of phos- 
and, in addition, there is an induction period of about 10 min- phine by cuprous oxide; 2) adsorption of 
utes during which no adsorprion takes place. This is followed phosphine by cupric oxide. 
by a faily steep rise in velocity of adsorption, so that the re- 

action between cupric oxide and phosphine may be regarded as a topochemical process. 


ia Curve 1, Fig. 10, represents the kinetics of adsorp- 
q $ NTP tion of phosphine by cupzous oxide. The process begins as 
soon as the phosphine is introduced, and it proceeds with 
uniform speed practically until] achievement of equilibrium, 
After completion of adsorption of phosphine and of desorp- 
tion (7.1 mg/g were desorbed) we subjected the irreversibly 
adsorbed phosphine to oxidation. Adsorption of oxygen at 
130°/30 mm (Curve 2, Fig. 11) by cupric oxide previously 
treated with phosphine proceeded more slowly than with 

3040 306070 43110 cuprous oxide {Curve 1, 11) also treated 
with phosphine, 

Fig. 11. Adsorption of oxygen by oxides of copper 
containing chemi wrbed phosphine, at 130°: 1) ad- 
sorption of oxygen by cuprous oxide at 20 mm; 2) 
@dsorption of oxygen By cupric oxide at 34 min pres- 
sure, 
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The velocity of oxidation of chem!sorbed phosphine 
on cupsic oxide is much smaller than on Charcoal AP2 with 
copper compound additive. This can be ascribed in the 
first place to the greater specific surface of copper come 
pounds when adsorbed on charcoal, and In the second to 
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the specific action of charcoa) as-a component of the compound catalyst, 


Catalytic oxidation of phosphine in mixtures with oxygen in static conditions 


Experiments on catalytic oxidation of phosphine mixed with oxygen were conducted at pressures, p = 0.4 mm 
or less, because at highcr pressures spontaneous ignition of mixtures of the stoichiomeulc composition PH, « 20, 
took place. We used a quartz spring Lalance for the study of oxidation kinetics fer pho:phine-oxygen mixtures ia 
the presence of charcoal] AP-2 with copper salt, at 18°, at which temperature the oxidation products are retained by 
=¢ the catalyst. In order to minimize pressure changes during experi- 
3 ments of greater duration the PH, ¢ 20, mixture was prepared in a 
6-liter Mask. The kinetics of the process are illustrated by the curve 


7 of Fig. 12, 
é It bs evident that for pressures of about 0.4 mm of the phosphine- 
f oxygen mixture, and at 18°, the activated adsorption process {is not-a@ 
a stage limiting the velocity of oxidation of phosphine. Under these 
2 &3 : 
f se ..  ¢ircumstances such a stage is that of oxidation of already chemisorbed 

tgoleeules of phosphine. Calculaticn-of the velocity constants of the 
Fig. 12. 1) Adsorption.of phosphine at ~ reaction of catalytic oxidation from first and second order equations 
18.3°/0.1 mm; 2) adsorption of oxygen gave values falling steeply and regularly with time; after 60 minutes 
at 18.3°/27 mm; 3) oxidation of phos- they were only a tenth of their initia? values. This may be ascribed 
phine in PH, + 20, mixture at 21°/0.4 firstly to the non-homogeneity of ihe catalyst surface, and secondly 
mm. to fetardation of the reaction due to non-volatile oxidation products, 


DISCUSSION OF RESULTS 


The experimental results allow us to draw certain conclusions, and to advance a reaction.scheme for oxi- 
dation of phosphine catalyzed by charco-] with copper salt additives, at 18-320°, 


The fastest reaction is that of physical adsorption of phosphine. Simultaneously with physical adsorption 
we have specific irreversible sorption of phosphine, the rate of which increases with rise in temperature. There 
is no doubt that catalytic oxication of phosphine takes place through the stage of specific adsorption. We have 
shown that presence of specific chemical adsorption is an essential although not a sufficient, condition for the 
catalytic oxidation of phosphine. Catalytic oxidation of phosphine molecules in chemisorption on copper sulfate 
(at 20°) proceeds only very feebly, as is also the case for the process (at 20°) at particular locations of active char- 
coal with oxides of copper, rendered vacant by taining at high temperatures in vacuo.. It may, from our experi- 
ments, be concluded that it is the cuprous form of the copper compound present in the catalysts which 4s respon- 
sible for initiating the reaction of oxidation of phosphine. 


At high temperatures chemisorption of phosphine takes place not only on the copper additive, but also at 
the charcoal surface, which may be regarded under these circumstances as a catalyst of oxidation of phosphine. 
A complex of phosphine aid oxygen formed at the surface undergoes surface oxidation at the expense of oxygen 
combined with the charcoal surface. The products of surface oxidation may be desorbed as oxides of phosphorus 
and water, and the adsorbent-additive surface thus liberated possesses considerable reactivity with regard to fix- 
ation of gaseous molecular.oxygen. The amount of phosphine in chemisorption of the suiface of recuperaticnal 
charcoal itself, at 320°, was only 207% of the amount found with charcoal containing copper salts. 


It is of interest to compare the number of molecules of chemisorbed phosphine with the number of copper 
atoms per gram of catalyst. Active charcoal AP-2 contains 4% of copper, t.e., 40 mg/g, or 3.9 x 167* atoms of 
copper. The maximum amount of phosphine in chemisorption at 320° is 24.7 mg/g, of which 5.7 mg is bound 
by the surface of the charcoal itself: The copper additive has thus been responsible for cheimisorption of 19 mg, 
or 3.39 x 10°*4nolecules of phosphine. It follows that at 320° each atom of copper present as oxide binds not 
more than one molecule of phosphine. 


It may be concluded from all the available data that the primary specific adso: prion of the phosphine 
molecule involves the participation of the oxygen present on the surface of the charcoal, and its additive, and 
that subsequent reactions with gaseous oxygen lead te comptetion of the reactron of oxidation of phosphine, and 
to the regeneration of the catalyst surface. The catalync piocess of ox.dation of phosphine should be regarded 
as a succession of oxidation and reduction processes follow'ng rapidly one 2frer the other; at rooin temperature 
transfer of oxygen is due to oxides of copper. At elevated temperatures the process of successive oxidations and 
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reductions takes place not only at the additive surface, but also at the surface of the charcoal itself, which acquires 
a chemisorbed oxygen leyer, 


Cheiniserption of phosphine at the charcoal surface at elevated temperatures should be regarded as a reac 
tion of reduction by phosphine of sper {I cial oxide of carbon, 


The oxidation products (oxides, not acids) may be desorbed from the catalyst by exposure to charcoal 
cooled.at the teniperature of liquid air. Chernisorption of phosphine by copper salt additives may be represented 
for the particular case of cupric oxide on charcoal by the foliowing schemes: 


PH, ¢ CuO = Cu; (1) 
2Cu +O, 2Cu0; (2) 
= Cu ¢ H,PO,; (3) 
H,PO, + CuO = Cu + 
H,PO, +CuO = Cu ¢ (5) 
4H,PO, = 2PH, PO, + 3H,0; (6) 
3HgPO, = + + 3H,O (7) 


It is possible that in addition to these reactions part of the phosphine reacts with copper compounds at 
elevated temperatures to give cupper phosphide as an intermediate product; we were able, however, only in a 
few cases to detect formation of very small amounts of copper phosphide. 


SUMMARY 


1. Presence of specific chemical adsorption of phosphine on active charcoal with additives is an essen- 
tial, although not a sufficient, condition for initiation of the process of catalytic oxidation of phosphine. 


2. On catalytic charcoal the most firmly chemisorbed molecules of phosphine are only very slowly 
oxidized by oxygen at room temperature, 


3. The cuprous form of copper appears to be responsible for initiation of catalytic oxidation of phos- 
phine. 


4. At elevated temperatures the surface of the chaicoal itself, without additives, acts catalytically in 
oxidation of phosphine by aunospheric oxygen. : 


5. In absence of atmospheric oxygen, and at elevated temperatures, phosphine reacts with oxygen bound 
to the catalyst AP-2, to give oxides of phosphorus and water. Desorption of these products leaves a surface which 
adsorbs gaseous oxygen with exceptional avidity. 


6. The first stage of chemisorption of phosphine is the formation of a phosphine-oxygen complex at 
the catalyst surface. 


7, The process of catalytic oxidation cf phosphine by gaseous oxygen at the surface of active charcoal 
containing copper oxides involves formation of intermedizte compounds, with very rapidly alternating stages 
of reduction and oxidation of the catalyst. The catalyst is copper oxides at room temperature, while at elevated 
temperatures the charcoal surface itself can act as a catalyst, without additives, 
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ELECTRON ABSORPTION SPECTRA OF POLYSTYRENE.AND ITS DERIVATIVES 


M. V. Volkenshtein and N. §, Kolodina 


4 The study of the electron spectra of polymers is of fundamental importance, for both theoretical and 
practical reasons, It would; on the one hand, be of interest tu find new spectrum analytical evidence throwing - 
light on the composition and-structure of polymers. On the other hand, it would be of interest to elucidate the 
effect of regularities in the structure of chain polymers on the electron spectrum. As the experimental work 
of Obreimov, Prikhotko, Rodnikova, and Eichis {1} has shown, the reaction of regularly distributed molecules 
in crystals leads to significant differences between the spectra of these crystals and of the molecules of which 

_ they are composed. 
7 


The theory of spectra of molecular crysta)s‘was advanced by Davidov [2), who showed that resonance 
reactions of molecules in crystals, which may be regarded as spreading of the exciting waves (excitons), should 
lead to the appearance of new, highly polarized lines in the electron spectrum. It might be thought that the 
same sort of phenomenon is possible also in linear polymers, ; : 


EXPERIMENTAL 


The polymers taken for study were those which had characteristic absorption in the sufficiently close 
ultra-violet region of the spectrum. We investigated polystyrene and the polymers of some halogen derivatives 
of styrene, comparing the spectra of the: polymers with those of the hydrogenated monomers, tak-ng the spectra 
under stricly comparable condition — in solutions in the same solvents, and at the same molar concentrations, 
calculated on the basis of the monomer unit. The following pairs were studied: 


1. Polystyrene — ethylbenzene ; 
2. Poly-o-bromostyrene —o-bromotoluene 
3. Poly-2,5-dichlorostyrene —2,5-dichloroe thylbenzene . 


All spectra were in chioroform solution, the concentration for the first pair being 0.019M (calculated for - 
ethylbenzene), and of the same order for the other two pairs. The absorption spectrum of polystyrene in cyclo- 
hexane did not differ. significantly from that in chloroform. The quartz spectrograph ISP-22 and the quartz 
photoelectric spectrophotometer SF-11 were used for our study. In the first case quartz cells were taken, the 
thickness of the layer varying from 0.05 to 10 mm. 


Fig. 1 shows the absorption curves for pelystyrene and ethylbenzene in chloroform, obtained by the 
usual methods of photographic photometry. The same Fig. 1 gives the absorption curve for styrene in chlore- 
form. The styrene spectrum differs considerably fromm those of poly- 
styrene and ethylbenzene, which is a natural consequence of the dif- 
ferences in the chemical structure of these substances. 


The spectra of polystyrene and ethylbenzene are practically 
identical. This is evidence that the spectrum of polystyrene in the 
given region is determined by electron transfers located in the in- 
dividual units of the molecule or, more exactly, in the benzene 
ring: 

H 


see tse 


200 2% 270 190 
Amps 

Polystyrene unit E:hylbenzene_ Fig. 2. 1) Chloroform: 2) polystyrene 
a An chloroform; 3) ethylbenzene in 

Small differences between the spectia of polystyrene and chlo-oform; 4) styrene in chloroform, 
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ethylbenzene may Be ‘connected with differences in thelr structure, An even better coincidence between the 
spectra of polystyrene and isopropylbenzene might? be expected: 


HEN 


Oscillatory structute fs well expressed in the spectrum, the positions of the maxima of the absorption bands being 
at 269, 262, 255, and 249 my. The distances between the maxima correspond to the frequency of vibration of the 
benzene molecule, Thus, in this case polymerization has no effect on the spectrum in the region of the benzene 
ring absorption bands. “Collective® spectrum bands, similar to those seen in the spectra of molecular crystals, are 
not observed in the spectrum of polystyrene. This is evidence that the polystyrene chain {s not regularly distributed 
in space; the polymer is similar to a fluid, but not to a crystal, 


The contit rah. Ciifer. necs Sciween the clectron H “¢ <3 
alsercticn spectra cf polystvrcne and styren? rake it 
apply a method to the determination 
of unpolymericed styrene and polystyrene in their mixtures, . 
Fig. 2 gives the absorption curves of polybromostyrene Polymer unit o-Bromotoluene 
and o-romotoluene in chlorofor.n: 
The results obtained are similar to thos> obtained for 
polystyrene, The spectra of the polymer and the monomer are “™,a : Pas 
practically identical, The positions of the absorption maxima = if i 
(vibratory structure) foz the polymer are at 278, 269, 262, and IR ah av 
255 my. Fig. 3 gives the curves of poly-2,5-dichlere- Poly unit 2,5-Dichloroethylbenzene 


stvrene and 2,5-dichloroethyluenzene in chloroform: 

The result obtained for this case was more interesting. Here also the spectra of the monomer 2nd the polymer are 
practically identical, but 
the polymer spectrum is 
shifted by 30A from the 
spectrum of the monomer. 
The absorption maxima of 
the polymer spectrum are 
at 284, 276, 269 and 261 
mp. 


The available data 
do not permit the formula- 
tion of any simple explana- 


230 20 270 790 


Amy tion of this shift in the 
Fig. 2. 1) Poly-o-bromostyrene; . Fig. 3. 1) Poly-2,5-dichlorostyrene; 
2) o-Bromotoluene. 2) 2,5-dichloroethylbenzene, 


of the benzene rings, simi- 


lar to that found in mole- 
cular crystals. The regularity in their distribution may be due to interaction of symetrically disposed dipoles C-CL 


On the other hand, it is possible that the observed shift of the spectrum of the polymer in the direction of greater 
wave-lengths is determined by ordinary Van der Waals® forces acting within one and the same molecule. The 
determining factor would again be the dipole moment of the C-Cl bond, and we suppose that the latter assumption 


is the more probable one. In any case, polymerization here gives rise to a perceptible effect on the electron 
absorption spectrum, 


Experiments performed at low temperatures would be needed for a more profound study of the effect of 
polymerization on the electron absorption spectrum. Since the results obtained by us give evidence of the non- 
crystalline nature of the polymers it is not to be expected that the low temperature spectra would manifest any 
specific effects, such as are found in the spectra of molecular crystals, It might nevertheless be thought that the 
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low-temperature spectra of the. polymers would more clearly reveal the oscillatory structure of the bands, 
We also investigated the spectrum of polyphenylenethyl® : 


Polyphenylenethyl, which may be regarded as an isomer of polystyrene, is a dark brown, viscous, resinous 
substance, It was not found possible, using any of the known chemical methods, to-eliminate colored impurities 
from it. The spectroscopic study should, in particular, have revealed whether the coloration was due to presence 
of impurities, or to the substance itself. The latter supposition is contradicted by all that is known of the colora- 
tion of organic compounds. 


lige 


Fig. 4 shows the absorption curves of chloroform solutions of poly- 
phenylenethyl and p-xylene: 


p-Xylene.can be regarded as an analog of the individual unit of-the 

- polyphenylenethyl chain. We see that the spectra of the polymer and the 

monomer resemble each other very closely, both having the same intense 

absorption band at 264 mp. Polyphenylenethy] has no very clear-cut ab- 

sci ption bands in the long wave region. We suppose that the similarity 

between the specua of polyphenylenethy! and p-xylene is evidence that 

the coloration of the polymer was due to the presence of smal] amounts © 


Zo NO 20 cs ajo 20. of tarry matter formed during polymerization. 
. 
Fig. 4. 1) Polyphenylenethyl: We have pleasure in expressing our gratitude to Decent L. V.. 
2) p-Xylene. Smirnov for his help. 
SUMMARY 


1. A comparison has been made of the ultrayaolet absorption spectra of polystyrene and of certain of its 


derivatives with the spectra of substances haviag a structure analogous to that of the monwmer units of the poly- 
mers. 


2. Resemblances and differences in the spectra of the polymers and the analogs of the ir. monomer units 
have been established. The spectrum of polypher ylenethy]l is found to resemble (hat of p-xylene. 
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PREPARATION OF TRICHLOROALKOXYTITANES FROM TITANIUM TETRACHLORIDE 
AND ALCOHOLS : 


A. N. Nesmeyanov, R. Kh. Freidlina, and O. V. Nogina 


Friedel and Crafts (1) showed in 1870 that titanium tetrachloride and diethyl ether gave a crystalline 
product, distillation of which afforded ethy! chloride, diethyl ether, and a second crystalline product, the 
composition of which corresponded, according to these authors, to the formula C,H,OTiCls. The reaction was 
again examined later [2), when two double salts were isolated, of the composition C,HsOC,Hg- TiC], and 
3C,HsOC,Hg* 2TiCl,, thermal decomposition of which gave tichloroethoxytitane. A further paper. was published 
(3) in which a series of compounds of titanium tetrachloride with esters were described. The author obtained 
three double compounds of ethyl acetate with titanium tetrachloride, of the compositions 2TiCly- CHgCOOC,H,: 
CHyCOOC,H, and TiCl,- 2CH,COOC, Hy, and analogous compounds were obtained with ethyl benzoate. 
According to the author, the compounds obtained were compicx compounds of trichloroethoxytitane and dichloro- 
diethoxytitane, of the types: , 


2TIC1,- CH;COOCG, = CH,OTIC],- TICly- CHyCOC); 
CHsCOOC,H, = C,H,OTIC],- 
TiCl,- 2CHSCOOC,H, = (CHO), T: Cl, - 


This author based his views on the fact that wichloioethoxytitane obtained by him, apparently by the Friedel-Crafts 
method, gave the same compcund with titanium teuachlonde and acetyl chloride as was obtained from an equi- 
molecular mixture of titanium tetrachloride and ethyl acetate. 


It seems to us to be unlikely that formation of uichloroethoxytitane, which requires fairly drastic 
reaction conditions, could result from the mere mixing of the reagents. More probably, “ouble compounds of 
titanium tetrachloride with esters are produced in these conditions. As for the reaction of trachloroethoxytitane 
with acetyl chloride, this may proceed as follows: 


C,H;OTICl, + TiCl,- CH;COOC,Hg. 


A fairly recent paper [4] mentions an attempt at preparation of trichloroettoxytitane, apparently by 
the reaction of dichlorodiethoxytitane with acetyl chloride, but the expected product was not obtained, 


We thus see that only one of the trichloroalkoxytitanes, viz., trichloroethoxyutane, has up tll now 
been prepared [2} The reaction whereby it was prepared 13 a complex one, giving rise to a number of by-products, 
and suffers from the disadvantage that many ethers (such as ethers of sec.- and tert-alkyls) are not readily available. 


Luchinsky [5], in studying the reaction of titanium tetrachloride with phenols, found that phenol and m- 
nitrophenol gave trichlozoaryloxytitanes, whereas p-chloro phenol and o- and p-nitropnenol gave dichlorodiaryloxy- 
titanes. This author did not investigate why certain phenols teplaced only one chlorine atom, whereas others 
replaced two. 


As part of our study of aliphatic derivatives of titanium [5,7,8) we decided to work out a method of 
synthesis of trichloroalkoxytitanes fiom titanium teuachlotide and alcohols. All the published work on the direct 
action of alcohols on titanium tetrachloride has been done under conditions of large excess of alcohol [4), and the 
sole products were the double compounds of dichlorodialkoxytitanes with alcohols, (RO), T:C],° ROH, Since it was 
obvious that this reaction must have Passed through the stage of trichloroalkoxytitane, we thought that if it were 
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to be conducted with excess of titanium tetrachloride at should give trichloroalkoxytitanes as the main product. 


This was found to be the case; the sole product obtained by heating ethanol with a ten-fold excess of 
titanium tetrachloride was tichloroethoxytitane. We found that the reaction was more conveniently conducted: 
when inest solvents were added, when only a relatively small excess of titanium tetrachloride needs to be taken, 
The solvents tied were carbon tetrachloride and light petroleum. It is essential that the solution of the alcohol 
should be added to ttanium tetrachloride, and not vice versa. After mixing the solutions the systems were boiled 
for several hours, until evolution of hydrogen chloride was complete, the solvent was distilled off, and the residue 
was fractionally distilled under reduced pressure, 


This method for the synthesis of wichloroalkoxytitanes is convenient and simple, and gives quantitative 
yields of products. The method was tied with primary n- and isoalcohols, and with alcohols with substituents in 
the chain. 


The products obtained were trichloro-ethoxyttane, -n-propoxytitane, -isobutoxytitane, -isoamyloxytitane, 
and -n-hexoxytitane, which are crystalline, hygroscopic, readily hydrolyzable substances. They have low melting 
points, and-can be distilled in vacuum without decomposition. They are readily soluble in diethyl ether and 
benzene, and more sparingly soluble in carbon tetrachloride, light petroleum, or chloroform. 


Trichloro -methoxyethoxytitane, CHJOCH,CH,OTICI, differs from the above products in having a much Seas 
higher m.p., and in its insolubility in ordinary solvents. Ne: 


EXPERIMENTAL 


Ali the reactions were conducted with serupulously dried reagents, and under conditions such that access 
of atmospheric moisture was excluded. 


Preparation of trichloro-n-propoxytitane (n-CsHyOTIiCl,). A solution of 30 g (0.5 mole) of thoroughly 
Gried n-propanol in 260 ml of light peuwoleum was added from a dropping funnel to a solution of 142.5 g (0.75 mole) 


of titanium tetrachloride in 300 ml of light petroleum (fractioa boiling at 50-80°) in a flask fitted with a phosphorus 
pentoxide tube. Vigorous evolution of hydrogen chlonde proceeded for about an hour, afters which the solution was 
boiled on the water bath. Part of the solvent was then dist:lled off, and the residue was cooled in a freezing Ne 
mixture. The precipitate formed was distilled at 11 mm, boiling at 83-85°; whenzedistilled the b.p. was 100-102° at et 
23mm. The yield of crude product was 103 g (96.5%). : fe 


Found %: C 16.79; 16.79; H 3.19; 3.38; Cl 49.64; 49.65; Ti 22.10; 22.16 
CsH,OTICl, Calculated 4s: C 16.88; H 3.333 Cl 49.86; Ti 22.45, 


Trichloro-n-propoxytitane is a light yellow, crystalline substance, m.p. 65-67° (sealed capillary). i is 
hygroscopic, and is readily hydrolyzed, 


teparation of trichloro« thoxytitane C,HsOTiCl, The procedure was as above. A solution of 23g 
(0.5 mole) of absolute ethanol in 200 ml of light peuoleum (b.p. 50-80°) was added gradually to 142 g (0.75 mole) 
of titanium tetrachloride in 300 ml of light petroleum, and the mixture was boiled on the water bath for 8 hrs until 
evolution of hydrogen chloride had ceased. The mixture was left until the next morning, when the supernatant 
liquid was decanted off from the precipitate which had formed, and most of the solvent was distilled off from it. 
The residue was cooled in freezing mixture, when a further portion of precipitate separated from it, giving a total 
yield of 87g (87.5%) The light yellow, crystalline product was hygroscopic, and was readily hydrolyzable. It 
boiled at 185-186°/760 mm the published value of the b.p. of C,HgOT:Cl, [21 is 186-128*. 


Found %: C 12.09; 11.85; H 2.38: 2.47; Cl 53.21; $3.27; Ti 23.90; 23.62 
C,H,OTiCl. Calculated %: C 12.04; H 2.53; Cl 53.37; Ti 24.03, 


Preparation of trichloroisobutoxytitane iso-C,H,OTICl, The procedure was as before, except that carbon 
tetrachloride was taken as the solvent. A solution of 24.7 g (0.33 mole) of isobutanol in 100 ml of carbon tetra- 
chloride was added gradually to 95 g (0 5 mole) of tetani-m tetrachloride in 125 ml of carbon tetrachloride, and 
the mixture was boiled for 9 hours. The c:ystall:ine product sepzrating from the cooled solution boiled at 92-94° 
at 9mm, and the m.p. of the distilled product (scaled capillary) was 81-83°, 


Found %: C 21.39: 21.72; H 3.81; 4.17; Cl 46.42; 45.73; Ti 21.14, 20.82 
CyH,OTICly. Calculated %: C 21.13; H 3.99; Cl 46,78; Ti 21.06. 


: 
. 
G 
$08 
= ~ 


The yield of crude product was practically theoretical Trichlorolsobutoxytitane is a hygroscopic 
crystalline substance, readily hydrolyzable. 


Preparation of trichloroisoamyloxytitane tso-CyHyOTiCly. The same procedure was applied as before. 
A solution of 44 g (0.5 mole) of isoamy! alcohol in 200 mi of light petroleum was added to 142.5 g (0.75 mole) 
of titanwwm tetrachloride in 300 ml of light petroleum, and the mixture was boiled for 5 his on the water bath, 
until evolution of hydrogen chloride ceased. The cooled solution gave 115 g of product (95.5% of theory), The 
light yellow crystalline product is hygroscopic and readily hydrolyzable; it boils at 110-111°/17 mm, and the 
distilled substance melts at 50-60° (sealed capillary), 


: Found F: C 24.91; 24.63; H 4.88; 4.95; Ti 19.52; 19.56 
OTIC], Calculated %: C 24.673 H 4.59; Ti 19.84, 


Preparation of trichloro-n-hexoxytitane n-C,H,,OTiCl,, The procedure was as above. A solutbn of 
40 g (0.39 mole) of n-texanol in 150 ml of light petroleum was added gradually to 112 g (0.58 mole) of 
titanium tetrachloride in 150 m) of light petroleum. A precipitate formed as soon as the reagents were mixed. 
The mixture was boiied for 3 hrs, unnl evolution of hydrogen chlonde had ceased. 


Trichloro-n-hexoxytitane is a light yellow crystalline substance, and 1s hygroscopic and readily hydrolyzable. 
It boils at 120-122°/8 mm, and the m.p. of the twice distilled product 1s 47 549° (sealed capillary). The yield fs 
practically quantitative. 


Found %: Cl 40.86; 41.33; Ti 18.70; 18.90 
C,HyOTiC), Calculated %: Cl 41.65; Ti 18.75. 


Preparation of tichloro- 8 -methoxyethoxytitane CHJOCH,CH,OTICl, The method was the same as 
before. A solution of 38 g (0.5 mole) of B-methoxyethanol in 125 ml of ca:bon tetrachloride was added gradually 
to 142.5 g (0.75 mole) of titanium tetrachloride in 150 m! of carbon tetrachloride, and the mixtre wss boiled 
for 4 hrs. The precipitate separating was collected; at is insoluble in light peucleum. carbon tetrachicride, benzene, 
or diethyl ether. It was analyzed after repeated washing with light petroleum (30-50°) and diethyl ether, and 
drying in vacuum. 


Fouad %: C 15 80; 15.84; H 3.16; 3.22; Cl 46.33; 46.46; Ti 20.50; 20,40 
CH,OCH,CH,OTICl5. Calculated %: C 15.71; H 3.08; Cl 46 38; Ti 20.88 


The product slowly distills over when heated on an oil bath, at 160-180°/5 mm. and the distalled substance 
melts at 164-166° (sealed capillary). The yield of crude product is close to the theoretical. 


SUMMARY 


1. A new method for the synthesis of trichloroalkoxytitanes, based on the reaction of alcohols with 
titanium tetrachloride, is described. 


2. The following new products were obtained: trichloro-n-propoxytitane, -isobutoxytitane, -isoamyloxy- 
titane, -n-hexoxytitane, and -3-methoxyethoxytitane. 
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SYNTHESIS OF AROMATIC ARSENIC-ORGANIC COMPOUNDS THROUGH ARYLAZO- 
CARBOXYLIC SALTS 


O. A. Reutov and Yu. G. Bundel 


Nesmeyanov [1) and: Ptitsina and one of us (2) have elaborated a method of synthesis of aromatic compounds 
of mercury and antimony, by the reaction of potassium arylazocarboxylates with mercuric chloride or antimony 
trichloride, as follows: 


ArtN,CO,K HgCly ArHgCl + Ny CO, KCI; ArN;CO,K + SbCly—= ArSbCh, + Ny + CO, + KCI. 
This method has in the present paper been extended to the synthesis of arsenicorganic compounds, 


As was expected, arylazccarboxylic salts readily reacted with cold solutions of arsenic trichloride in 
acetone or ethyl acetate, giving the appropriate arsenic-organic cormpounds, from potassium phenylazo-, 
ptolylazo-, p-bromophenylazo-, p-nitrophenylazo-,. B-naphthylazo-, and 2,4,6-tribromophenylazo-casboxylate. 


Reaction of arylazocarboxylic acid salts with arsenic wichloride 


gradual addition of the salt to 
acetone solution of arsenic 
Oo tuchloride (50% excess) at 
2 N-C 32 20 - 52 room. temperatue, with constant 
OK stirring. The same ~onditions 
j were epplied to all the aryl- 


boxylates with arsenic 
3 p-BrCgHy-N=N-C 41 34 srichicride. 


7? 
OK 


- Reaction temperature 18-20°; solvent-acetone; excess of AsCl, 50% A detailed study of the 
Serial Arylazocarboxylic acid salt Reaction products, % Toral reaction between potassium 
No. ArAsO {Ar,As),0O .ArAsOH), yield, % phenylazocarboxylate and 

| arsenic trichloride showed that 
the optimum co-ditions were 
1 42 21 - 63 


OK 


Separation of the 
arsenic-Organic compounds 
formed was effected after their 
alkaline hydrolysis into the 

_O corresponding arylarsine oxides 
5 B-Cy,Hy-N=N-C. = = 30 _ 30 or arylarsenious acids. The 
OK ; results are given in the Table. 


re) ‘ As 1s evident from the 
6 + 2,4,6-BrsCgH,-N=N-C, i H - | 36 Table, the reaction products 
i OK . i ; are monoarylarsine oxides, 
diarylarsine oxides, and mono- 

arylaisenious acids, i.e., 
exclusively tervalent arsenic derivatives; this diff:rs from the results for the synthesis of antimony-organic 
compounds through arylazocarboxylic salts [2], where both ter- and quinque-valent antimony derivatives are 
formed. 


Formation of monoarylatsine oxides, arylarsenious acids, and diaiylarsine oxides appears to proceed 
according to the following schemes: 


* 2,4,6-Tribromophenyldichloroarsine was hydrolyzed by water without addition of alkali. 
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formation of the tribromopheny] derivative of arsenic is the high stability of the arsenic-carbon link, in general. 
Although aromatic arsenic-organic compounds generally yield mercury-organic compounds (3) when treated 


+ AsCly KCl + Ar | . 
O-AtCl, 
AtAsCh, +N, CO, 


ArAsO 


AtAXOH), 


2Ar-N== N-COOK + AsCly ArgAsCl® 2N, +2CQ, + 2KCI 


ArA 


H,O 
(Ar 


It is of interest that 2,4,6-tribromophenyldichloroarsine is given by the reaction between potassium 2,4,6- 
tribromop* nenylazocarboxylate and arsenic trichloride, since attempts at preparing analogous mercury-organic {1} 
and antimony-organic [2] compounds were unsuccessful. It seems that uibromopheny) compounds of mercury 
or antimony cannot be formed, owing to steric hindrance of the two bromine atoms in the ortho-position. Owing 
to the smaller size of the As atom (the Van der Waals radii of Hg, Sb, and As atoms are respectively 2.3, 2.2, and 
2.0 A) steric hindrance is much smaller, or even entirely absent; moreover, an important factor connected with 


with mercuric oxide in alkaline media, according to the equation 
2 + HgO + 6NaOH —~ + 2NasAsO, + 31,0, 


2,4,6-wibromophenylatsine oxide reacts differenuy undér these conditions, 1,3, and 
metallic mercury: 


Br 
2B / \-AsO + HgO + 6NaOH op + Hg + 2NajAsO, + 3H,0. 
"Br 


We found thaz the addition of zinc dust to the reaction mixture obtained from potassium phenylazo- 
carboxylate or pdbromophenylazoca:boxylate and AsC', gives Vigorous evolution of nitrogen. This is evidence 
that the products of reaction between arylazaarboxylates and AsCl, include not only arsenic-organic compounds, 
but also double salts of aryldiazonium chloride with arsenic trichloride. * 


Formation of ArN,Cl, AsCly, as also formation of Mey salts in the reaction between ArN,CO,K and 
SbC1, (3), proceeds with participation of atmospheric oxygen, as follows: 


2Ar-N=N-COOK + 4AsCl, +O, —> + 2AsOCl + 2KCl + 2CO}. 
N 


This reaction proceeds much miore readily than does the analogous reaction with SbCl; the zinc dust 
test shows the presence of the double diazonium salt in the seaction mixture immediately after addition of 
ArN,CO,K to the Asc}, solution, whereas in the case of SbCl, contact of the reaction solution with atmospheric 
oxygen for several hours is necessary. If the reaction between ArN,CO,K and AsCl, is conducted in a stream of 
nitrogen, so as to exclude access of atmospheric oxygen, the double diazonium salt is not formed. 


We were not able to isolate ArN,Cl - AsCl, in a pure state from the reaction mixture by the same method 
as was applied to isolation of Mey’s salts in the reaction between arylazocarbox slates and antimony trichloride (2). 


* It is possible that diarylchloroarsine is formed by the reaction between aryldichloroarsine and potassium 
arylazocarboxylate: 


1 
AtAsCl, + K-O-C-N==N-Ar ——* KCl + 


Cl + CO, + Ny 
e* Salts of arylazocarboxylic acids are not decomposed by zinc dust. 
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This result was not, however, \nexpected, since the double salts of p-tolyldiazonium chieride and AxCl, cescribed 
in the literature (C;H;N,Cl AsCl, and C,H,N,Cl+ 2AsC),) are very unstable [4}, In order to stuity the properties 


of the double salt of phenyldiazonium chloride and AsCl, we prepared this tis in acetone solution by the 
reaction: 


FeCl), + Asc], CgH,N,Cl *AsCl,® FeCi, 


precipitating the CgH,N,Cl° AsCl, from solution by addition of ether. The solid product can be stored for several 


hours without decomposition, but it decomposes very —— in acetone of ethyl acetzte solution, and in particular 
in contact with ether, ee 


We were able to demonstrate the forrnation of the double salt of CgH,N,CI and AsCl, in the reaction 
between C,H, NzCO,K and As€l, in the following way. The reaction between potassium phenylazocarboxylate 
-and arsenic uichloride was conducted at low temperature in toluene solution®**, passing a stream of alk. The 
precipitate formed, consisting of KCl, AsOCl, and CgH,N,Cl- AsCly was collected by filtration, and was washed 
with small portions of acetone. The double salt. of phenyldiazonium chloride and arsenic trichloride, which is 
dissolved out by the acetone, was converted by the action of mercuric chloride into the much more stable salt 
of phenyldiazonium chloride and mercuric chloride, which served for identification: 


AsCl, + HgCly HgCly + AsCly 
EXPERIMENTAL 


1. Reaction of sotassium phenylazocatboxylate with arsenic trichloride. 7g of potassium phenylazocarboxylate 
(for preparation see (5} and (6]) was added during 10 min. to a solution of 10.2 g of arsenic trichloride (50% 
excess) in 150 ml of dry acetone at room temperature, with stirring, which was continued for a further 20min, 
The inorganic precipitate which separates (4.1 g) was coilected and washed with sinall portions of acetone. The 
solvent was evaporated off from the filtrate**under reduced pressure, at 35-40". The residual brown mass was 
twice washed with cold 1:1 hydrochloric acid (30 and 15 ml) and with water (15 ml), and was then heated at 
90-106° with 15 ml of 40% KOH in a porcelain basin. The hot mixture was filtered through a glass filter, on 
which a residue of 0.8 g of diphenylarsine oxide, contaminated wath tarry matter, remained; it melted at 
86-28° after recrystallization from light petrolewn. 


Cooling the filtrate in freezing mixture gave a precipitate consisting of potassium chloride and siphenyl- 
arsine oxide, from which KCl was eliminated by washing with water, leaving 0.15 g.of diphenylarsine oxide, the 
combined yield of which was thus 0.95 g (21% of theory); the m.p. was 88-90°, published mp, 91-92° [7}. 


Addition of saturated ammonium chloride solution to the filtrate gave a precipitate of 2.6 g (42% of 
theory) of phenylarsine cxide, which was purified by repeated dissolution in chloroform and precipitation with 
ether. The m.p. was 127-130°; published values for the m.p. 119-121°(7] and 142-144° (8) 


Found %: C 42.65; 42.75; H 2.80; 3.04 
Calculated %: C 42.87; H 3.00 


Found %: As 45.158 
CgH,AsO. Calculated %: As 44.61 


The combined yield of arsenic-organic compounds amounted to 63% of the theoretical 


* In reality an approximately equimolecular mixture of AsCly and AsCl, 1s formed. 

e* It is very probable that ArN,Cl- AsCl, is formed not only in the reaction between CgH,N,CO,K or p-BrCgHyN,CO,K 
and AsCly, but also in all other cases; their not being shown by the zinc dust test may be due to their decomposition 
in the first stage of the reaction between AtN,CO,K and AsCl, 

**¢ Toluene was chosen as the solvent because the double diazonium salt is insoluble in it, and separates out as & 
precipitate. A low temperature was taken in order to retard the reacuon between CgHsN,CUK and AsCls, and 
hence to prolong the time of contact of the reaction mixture with atmospheric oxygen. 

eee Addition of zinc dust to the filuate gives energetic evolution of nitrogen. 
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carboxylate (for seeparation see [SP was added dusing 10 min, to a solution of 12.5 g (50h excess) of anenic 
tnchloride in 200 ml of dry acetone at room temperature, with cor.stant stirring, which was continued for a 
further 20 min. The inorganic precipitate (1) was collected and washed with small portions of acetone; it 
weighed 4.5 g The solvent was removed from the filtrate by evaporation at 25-30° under reduced pressure, and 
the pasty brown residue was twice washed with cold 1:1 hydrochloric acid (30 and 15 ml), and was then added 
drop by drop to 30 ml of 50% KOH. The mixture solidified after a few minutes, when it was passed through a 
glass filter, giving precipitate (II), which was extracted on the filter with 80 ml of cold water. Addition to the 
extract of saturated aqueous NH,Cl gave a precipitate of p-tolylarsine oxide, which was collected and washed 
with small portions of water; yield 2.2 g (32%). After washing with ether and recrystallizing from ethanol the 
product melted at 167-169°; published m.p. 156-158°* 


Found %: C 46.30: 44.48; H 4.31; 4.38 
C,H,AsO. Calculated %: 46.19; H 3.88 


Some di-p-tolylarsine oxide, contaminated with tarry matter, remained on the filter after treatment 
of precipitate (1) with water. Three recrystallizations from light petroleum gave 1.2 g (20% of theory) of 
product of m.p. 103-105°; published m.p. 


Found %: H 5.59 
Calculated %: C 63.42; H 5.10. 


The combined yield of arsenic-organic compounds was 3.4 g (52% of theory). 


3. Reaction of potassium p-bromophenylazocarboxylate with arsenic trichloride. 4.5 g of potassium 
p-bromophenylazocarbcxylate (for preparation see (11) was added during 10 min. to a soluticn of 4.6 g of 
atseniz trichloride (50% excess) in 100 ml of cry acetone at room temperature, with constant stirring. The 
inorganic precipitate was collected (3.1 g) and washed with small portions of acetone. The solvent was 
removed from the filtrate « by evaporation at 25-30" under reduced pressure, and the residue was twice washed 
with cold 1:1 hydrochloric acid (25 and 10 ml), and then with water (10 ml), after which it was teated with 30 ml 
of 1:3 aqueous KOH. The mixture was filtered through glass, giving a residue of 1.0 g (34% 0/7 theory) of di-p- 
bromophenylarsine oxide, m.p. 157-159° after recrystallization from chloroform, The product, which has not 


previously teen reported, is colorless, readily soluble in chloroform and acetone, moderately soluble in ethanol, 
and sparingly soluble in ether. 


Found %: C 36.48; 36.34; H 2.39; 2.17 
CzgHyOBrgASy. Calculated %: C 36.49; H2.04 


Addition to the filtrate of 30 ml of saturated aqu2ous ammonium chloride gives 2.0 g (47% of theory) of 
p-bromophenylarsine oxide, m.p. 239-240°, after recrystallization from ethanol; published m.p. 259-261° {11}. 


Found %: C 29.13; 29.16; H 1.71; 1.88 
BrCgH,AsO. Calcrlated %: C29.18; H 1.63, 


The combined yield of arsenic-organic compounds was 3.0 g (81% of theory). 


| 4. Reaction of potassium p-nitrophenylazocarboxylate with arsenic trichloride. 8 g of potassium p-nitro- 
phenylazocarboxylate (for preparation see [11]) was added diming 10 min.to 9 3 g (50% excess) of arsenic trichloride 
in 150 ml of dry acetone at room temperature, with constant stirring. The inorganic precipitate (3.5 g) was collected 
and washed on the filter with small portions of acetone. The solvent was evaporated off from the filtrate at 25-30°, 
under reduced pressure, and the residue was twice washed with cold 1:1 hydrochloric acid, and then with water (15 ml) 
after which it was treated with 30 ml of 1:5 aqueous KOH. The solid hydrolysis product, which was p-nitrophenyl- 
arsenious acid, ws collected and washed with water; yield 4.5 g (64% of theory). It was purified by repeated 
dissolution in concentrated aqueous KOH, and precipitation with hydrochloric acid, followed by thorough washing 
with ether. p-Nitrophenylarsenious acid is a light brown substance which decomposes explosively when heated; it 


is sparingly soluble in organic solvents. According to the literature (13) it is a brown substance, soluble in alkalis, 
exploding when heated. 


* Addition of zinc dust to the filtrate causes vigorous evolution of nitrogen. 


| 2. Reaction of potassium p-tolylazocarboxylate with anenic trichloride. 9.5 gol potassium p-tolylazo- 
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Found %: C 30.84; 30.75; H 2.43; 2.26 
Calculated: C 31.18; H 2.62 


5. Reaztion of potassium 6 -naphthyla: socartoxylate | wath arsenic. uichloride. 1.5 g of potassiuin -naydithyl- 
azocarLoxylates was added during 10 min to a solution of “of arsenic tichlorvie (50 excess) in 15. mi of try 
Acctone at room temperature, with constant stirring. ‘The inorganic jrecipitate separating (4 ¢) was collectee and 
washed with acctone, and the solvent was evaporated off from the filuate at 25-30° umler reduced pressure. The 
residue was washed with cold 1:1 hydrochloric acid (50 and 25 inl) and with water (25 ml), and was then treated 
with dilute aqucous KOH (1:10) for 1 hr. As the B-naphthylarsenious acid to obtained is difficultly soluble in 
organic solvents it was purified by thorough washing with alcohol and-ether; the m.p. was 140°, Yield 2.5 g (307). 


Found %: C 50.36: H3 32 
As(ON),. Calculated %: C 50.84; H 3.83 


6. Reaction of potassium 2,4, 6-ribromophenylazocarboxylate + with | arsenic trichloride. 3.7 g of potassium 
2,4,6- -tribromophenylazocarboxyiate (for preparation see [14] was added during 10 min to a solution of 4.7 g of 
arsenic trichloride (S0% excess) in 125 ml of dry acetone at room temperature, with constant stirring. The 
inorganic precipitate separating (1.3 g) was collected and washed with acctone, and the solvent was evaporated 
off from the filtrate at 25-30° under 1ecuced pressure. The residue solidificd when cooled in a freezing mixture, 
and it was washed with 50 ml of 1:1 HC} and with water, collected on the filter, dricd, and extracted with a 
large volume of ether. The residue after evaporation of the ether extract is tribromophenylarsine oxide, 
contaminated with tribromobenzene and tarry matter. 2,4,6:Tribromophcnylatsine oxide was recrystallized 
froin a large volume of ethanol, and was washed with ether; it 1s a colorless substance, difficultly soluble in 
the crdinary organic solvents, m.p. 214-220°, yield 1.55 g (367 of theory). It hus not previously been described. 


Found &%: C 18.05; 17.48; H 0 56; 0.58; Br 59.64 
C,H,OBrgAs. Calculated %: © 17.8: H 0.50; Br 5¢.26 


7. Preparation of the double salt of phenyldiazonwm chloride and arsemc trichloride. 10 g of the double 
salt of phenyldiazonium chlonde and fernc chloride (for preparation see [15]) was dissolved in the Teast volume 
of acetone, and 8 g of arsenic trichloride was added to the solution. The mixture was cooled in a freezing mixture, 
and ether was added until no further precipitate formed. The precipitate was collected and washed with cold 
acetone. docs not contain any CgHgN,Cl- or FeCl, (tested with KCNS); it is readily soluble in water, 
sparingly soluble in acetone and ethyl] acetate, and difficululy soluble in benzene and ether, although 1t readily 
decomposes when in contact with ether. It 1s unstable, marked decomposition being evident after 24 hrs. Its 
m.p. is 89-90° (decomposition). 


Found %: N 10.81; 10.75 


Analysis showed that the product is a mixture of two substances, C,HgN,Cl- AsCl, (calc. N content 8.70%) 
and (CgH,N,Cl),- AsCl, (calc. N content 12.1%). 


8. Reaction of 2,4,6-tribromophenylarsine oxide with mercuric oxide in alkaline media. A hot solution 
of 0.15 g of 2,4,6-tribromophenylarsine oxide in 1 ml of ethanol was added to a hot solution of 0.13 g of mercuri¢ 
chloride in 1.5 ml of ethanol, followed by 0.75 ml of boiling aqueous 5 N sodium hydroxide, and the mixture was 
boiled for 2 min, and filtered off from the precipitate of metallic mercury. 7 ml of water was added to the cooled 
filtrate, and the precipitate (0.05 g) of 1,3,5-tribroinobenzene, m.p. 118-120°, was collected; the published m.p. 
is 116-121° [16}. The product gave no m.p. depression with a specimen of tibromobenzene. 


S. Conversion of the double salt of phenyldiazomiuin chloride and arsemic trichloride, formed in the 
reaction between CgHsN,CO,K and AsCls, into a double salt of phenyWiazc chlonde 2 and mercune chloride. 
8 potassiu. n \ssiu.n phenylazocarboxylate was added toa a solution of 23 g (3-fold excess) of arsenic trichloride in 
tolucne at -15°; evolution of gas was not observed. The tempesature of the reaction mixture was raised during 
an hour to 20°, passing a sur'am of aur though at (the reaction begins to proceed when the temperature of the 
mixture reaches 5°), The precipitatevascollectcd after compleuon of the reaction; at consistz'ef potassium 
chloride, arsemic oxychloride, and double walt of phenyldiazonium chloride and arsenic trichlonde, and weighed 
5.5 g. The precipitate was washed with benzene, and the double salt was extracted with 20 mi of acetone, when 


the residue weighed 3.5 g. A concentrated solution of 3 g of HgC}, in acetone was added to the acetone extract, 


~_ 


* Prepared by hydrolysis with alcoholic alkali of ethyl] B-naphthylazocarboxylate. 
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literature [17) the double salt is a white, crystalline, infusible substance, which gradually decomposes when heated. 


Found %: N 17.20; 7.02 
CglgN,Cl: HgCl,. Calculated %: N 6.80 


10. Reaction of potassium phenylazocarboxylate with arsenic trichloride in acetone, in an atmosphere 


of nitrogen. A suspension of 5 g of potassium phenylazocarboxylate in 100 ml of dry acetone was placed in a 
flask fitted with a dropping-funnel, and air was swept out by passing a stream of nitrogen for 20 minutes. A solue 
tion of 7.5 g of arsenic trichloride in 50 ml of dry acetone was then added gradually from the dropping funnel, 
without-interrupting the flow of nitrogen, and with stirring. After completion of the reaction, the zinc dust test 
was negative, showing that the reaction mixture did not contain double salt of phenyldiazonium chloride and ar- 
senic trichloride (gases not evolved). After a short contact of the mixture with ais addition of zinc dust is fol- 
lowed by evolution of nitrogen, showing that the double diazonium salt has been formed. . 


SUMMARY 


1. A method for the synthesis of aromatic aisenic-organic compounds through arylazocarboxylic salts is 
described. 


2. The mechanism of the reactions involved is discussed. . 


3. It has been sown that arylazocarboxylic salts with aisenic trichloride in presence of air readily under- 
go conversion into double salts of aryldzazonium chloride and arsenic trichloride. 
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followed by ether until no mote white precipitate formed, and the double salt so obtained was twice reprecipitated 
from acetore with ether, to give a colorless substance, which gradually decomposes when heated a 100-130°, A 
suspension of the product in acetone or ethyl acetate is decomposed by addition of zine dust. According to the 
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NEW DATA ON THE CHEMISTRY OF PYRAZOLONE DERIVATIVES 


V. M. Rodionov and A. M. Fedorova 


One of us (1) was able, during the course of a study of the conditions of synthesis of pyrazolone derivatives, 


to obtain in good yield the mesho-p-toluenesulfonate of phenylmethylpyrazolone, by heating it with an equimole- 
cular amount of methyl] p-toluenesulfonate: 


CH,C-CH, CH,-C-Chy 
| 
N CH,-N CO 
N 


It would, for various reason, be of interest to investigate the analogous reaction with methyl p-aminobenzene- 
sulfinate, and to prepare the me tho-p-amino-benzenesulfinate of phenylmethylpyrazolone: 


CH,-C-CH, 


sO, 


With this object we synthesized the carbomethoxy derivative of p-amincbenzenesulfinic acid, and prepared 
its methyl ester. However, a number of attempts at obtaining the product of addition of this ester to pheny] methyl- 
Pytazclone were unsuccessful, the ester always being recovered unchanged from the reaction. It is of interest that 


analogous experiments with methyl p-carbomethoxyaminobenzenesulfonate at once gave the expected addition pro- 
duct in good yield: 


CgHNHCOOCH, 


We next attempted to introduce the sulfamido group into the phenylmethylpyrazolone molecule in quite 


a different way. We know that a general method for preparing phenylmethylpyrazolone derivatives depends on 
condensation of phenylhydrazine wath acetoaceiic ester, Tahing instead of hydrazine the hydrazide of p-carbo- 
methoxyaminobenzene-sulfonic acid we hoped to obtain compound (III), of the desired structure: 


CHjCO-CH, COC H, + 


N CO N CO 
‘ hydrolysis V 
N N 
| 
SO, 
(ah 


R 
3 
CH,-C-CHy 
CHs-N 
c 
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As the starting material for this reaction we synthesized the hydrazide of carbomethoxyaminobenrene- 
sulfonic acid (1) in 81-82% yield, by the action of hydrazine hydrate on an ctlwe-a solution of the chloroanhydrige 
of Nxarbomethoxysulfanilic acid. Ths compound reacts with acetoacetic ester in alcohol of dry toluene of 


xylene to give the corresponding hydrazone, with subsequent ring closure, affording N-carbomethoxy p> amino - ey 
Numerous attempts at hydrolyzing the earbomethoxy derivative to give the free amino derivative (0D 


were unsuccessful, owing to the extreme stability of the bond between the carbomethoxy residue and the amino 

group; the products obtained by heating with acids or alkalis are-either the initial product recovered unchanged, 
or else products of total breakdown of the pyrazolone ring. The carbomethoxy derivative of the hydrazide of p- 
aminobenzenesulfonic acid was similarly resistant to acid or alkaline hydrolysis. Further study of this compound 
showed that in general it reacts readily with substances containing the carbony] group. This is illustrated in the 


experimental section of this paper by the condensation products with benzaldehyde (IV) or acetone (V):_ . os 
CH,O,C* NHC,H,SO,NHN = CHCgH, CH,O,C NHC,H,SO,* NHN = C(CH,)g 
(Tv) (¥) 


It is known that the acetyl group can usually be comparatively easily eliminated by hydrolysis, and we 
therefore decided to synthesize the hydrazide of N-acetylsulfanilic acid, in order to condense it with acetoacetic 
ester, $O as to Obtain compound (III. 


The hydrazide (VI) of p-acetamidobenzenesulfonic acid was obtained in good yield (92-93%) by the action 
of hydrazine hydrate on the chloroanhydride of p-acetamidobenzenesulfonic acid: 


CH,CO- NH- 
(vp 


Comensation of this compound with acetoacetic ester gave only the corresponding hyd:azone (VII) of 


acctoacetic ester, the second stage of the process, viz., eliuminarzion of alcohol with formation of the pyrazolone 
cing, not taking place: 


(¥I) NNHCgH,NH COCH, 


Unsuccessful attempts wete made to synthesize the pyrazolone derivative by heating the hydrazone, either 
alone, or with various compounds able to combine with the alcohol liberated during ring closure; in all cases we 
either recovered the hydrazone unchanged, or else the products were uncrystallizable oils, attempts at fractional . 
vacuum distillation of which led to production of a tarry mass. 


These unsuccessful experiments obliged us to seek for other ways of synthesizing p-aminophenylmethyl- 
Pyrazolonesulfone (01). The starting material was 3-methylpyrazolone, which was taken for condensation with the 
chlorcarhydride of P-acetamidobenzenesulfonic acid. Methylpyrazolone was prepared according to Knorr [2], by 
reacuon of acetoacetic ester with hydrazine hydrate: 


+ NH,NHy —> CHy-C-Cly 

N 
| 
4 


The reaction proceeds smoothly in aqueous solution, and pure methylpyrazolone is obtained in one step, in~- 80% 
yield. The product was condensed with the chloroanhydride of p-acetamidobenzenesulfonic acid, the best results 
being obtained in glacial acetic acid solution, in presence of anhydrous sodium acetate, when yields of ~ 65% of 
the acetyl denvative of the deszred pyzazolone derivative were obtained: 


CHy-C-Chy 
co 
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Attempts at eliminating the acetyl group by hydrolysis showed that, similarly to the case of the carbo- 
methoxy derivative, opening of the pyrazolone rng takes place very 1eadily during hydrolysis. in this case, 
however, we found that when hydrolysis was conducted in acetone solution an presence of a small amount of 
hydrochloric acid the acetyl! group 1s relatively readily eliminated, giving the free amino derivative in~ 1% 
yield, 


EXPERIMENTAL 


of p -carbomethoxyaminobenzenesulfinic acid, CH,OOCNH * C,gH,SO,H 


24.9 of P-carbomethox yarminobenzenesul fochloride (m.p. 108-110°) is added to 200 mi of a sodium sul- 
fire solution obtained by mixing 50 ml of 36% aqueous NaHSO, with 150 ml of 5% aqueous sodium hydroxide, 
and the mixture is shaken for 2 hours, with occasional addition of caustic soda solution, so as to maintain an aka 
line reaction (about 20 ml of 25% aq. NaOH). The mixture is then filtered, and the filtrate is made acid with 60% 
sulfuric acid, when the sulfinic acid separates as small colorless crystals, yield 19 g (83.7%), m.p. after one te- 
crystallization from water 142-145°, ; 


Found %: N 6.74. 
Calculated %: N 6.52 


Preparation of methyl p- carbomethoxyaminobenzenesulfinate i culcam the silver salt 
of the sulfinic acid. ; 


(a) Preparation of Ag salt. 15 g of p-carbomethoxyamuinobenzenesulfime acid is dissolved with heating in 
148 ml of 2.5% aqueous sodium carbonate, and a solution of 11.8 g of silver nitrate in 150 ml of water is added to 
the hot solunon, with vigorous stirring. The precipitate of Ag salt is drained on the re and oapies ona 
porous tule, after which at is dried at 60° yield 16 g (~ 71.5%). 


Found %: Ag 33.41 
C,H,O,NSAg. Calculated %: Ag 33.51 


(bd) Preparation of methyl ester. 8.5 g (4 ml) of methyl iodide 1s added, with stirring, to 15.5 g of Ag salt 
in 100 ml ef dry benzené, and the mixture 1s heated under reflux on the water bath for 2 hours. The hot solution . 
is filtered, the residue of silver iodide 2s washed with a few portions of hot benzene, and the solvent 1s distilled off 
from the filuate + washings. The residue melts at 173-182°, after recrystallization from meticno) 182-183°; yield 


1.3 g (66%). 
Preparation of the methyl ester through the K salt of the sulfiniec acid. 


(a)_Preparation of the K salt. A solution of 25 g of p-carborhethoxyain obenzenesulfimec acid in 100 ml of 
8% potassium carbonate is evaporated to dryness.. 


(b) Preparation of methyl ester. 10g of methyl iodide is added gradually, with constant stirring, to 15 g of 
the K salt in 100 ml of methanol in a flask fitted with a reflux condenser, and placed on the water bath. Heating 18 
continued for a further 2.5 hours, the hot solution 1s filtered, the solvent is distilled off from the filtrate, and the 
residue is recrystallized from methanol; yield of ester, m.p. 181-183°, 7.2 g E~ 53%). 


Found %: C 47.37; H 4.10; N 6.42. 
CyHyO,NS Calculated %: C 47.16; H 4.80; N 6.11. 


All attempts at adding on this ester to pheny}methylpyrazolone, using the ordinary methods, were unsuc- 
cessful. 


Preparation of methyl p-carbomethoxyaminobenzenesulfonate CH;OOCNH 


A solution of sodium methoxide prepared from 5 g of sodium and 150 ml of methanol is added gradually from 
a dropping funnel to a cooled (wat more than 10°) and well stirred solution of 48 g of p-carbomethoxyaminobenzene- 
sulfochloride in 200 ml of methanol, cooling is continued for 2 hours, and the precipitate is collected and dried; 
yield of ester 38 g (80.5%), m.p. after one recrystallization from methanol 115-116°. 


Found %: N5.39 
CyHyOgNS. Calculated %: N5.71 


Substitution of 30% caustic soda for sodiuin methoxide gave lower yields of ester (60-65). 
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Prepatation of the addition product of the ester to phenyimethylpyrazolone 


CH,-N CO 


. N 
* 
CH,OOCNHC SO, Hy 
4.5.g of methyl p-carbomethoxybenzenesulfonate was heated with 3.5 g of phenylmethylpyrazolone for 
30 minutes on an oil bath at 160°. The product was dissolved in water, and the solution was extracted with 
ethef. The aqueous layer was evaporated to dryness on a water bath, and the residue was dissolved in ethanol, 
Addition of ether to the alcoliol solution gave a white oily precipitate, which gradually crystallized, m.p. 58-60°. 


Found %: C52.86;H 5.42;N 9.37 
Caste uss. Calculated %: C544; H5.2; N 10.02, 


The product does not appear to be sufficiently pure, but there can be no doubt as to its structure. 


‘ Preparation of the hydrazide of p-carbomethoxyaminobenzenesulfonic acid. 
CH,O,C NHCgH,SO,NHNH, 

100g of sodium bicarbonate is added to a solution of 25 g of p-carbomethoxyaminobenzenesulfochloride 
in 250 ml of ether, followed by a solution of 5 g of hydrazine hydrate in 45 ml of ethanol, added from a dropping 
funnel, with vigorous stirring and cooling (10-15*). Stirring is continued for a furcher 2 hours, and the mixture is 
then teft overnight. The precipitate is then collected, washed with ether, and then with soda solution, and dried 
at 45-50°; yield of hydrazide 19.9 g (82%), m-.p. 170-173°, rising to 181-188° (decomposition) after recrystalliza- 
tion from alcohol 


Found %: C 39.12; 38.97; H 4.53; 4.59; N 16.84; 16.67 
Calculated %: C 39.48: H 4.59; N17.14 


Preparation of p-carbomethoxyaminophenyl-N-3-methylpyrazolonesulfone 
CH,-C-Ch, 
N co 
V 


(a) 4.9 g of the hydrazide of p-carbomethoxyaminobenzenesulfonic acid is heated for 1 hour on the water 
i bath with 3 ml of acetoacetic ester in 30 ml of alcohol, and ‘the residue is recrystallized from 50 ml of alcohol, 
giving a product of m.p. 148-150°, raised to 156-158° by a second recrystallization from alcchol; yield 5 g (80.5% 
calculated on hydrazide taken). 


(5) 4.9 g of hydrazide and 2.6 g of acetoacetic ester are mixed with 200 ml of dry toluene, and the sol- 
vent is distilled off, together with alcohol and water formed during condensation. The residue is recrystallized 
from alcohol, giving 5.6 g (90% yield, calculated on hydrazide) of product, m.p. 158-160°. Substitution of dry 
xylene for toluene lowered the yield to 70%. 


Calculated %: N 13.50 


Preparation of the p-carbomethoxyaminophenylsulfonylhydrazone of benzaldehyde 
CH,OOC* NHC 6H SO, NHN==CHCgHg. 
4 ml of benzaldehyde is added to a hot solution of 10 g of the hydrazide of p-carbomethoxyamino- 


benzenesulfonic acid in 100 ml of alcohol, and the mixture 1s boited under reflux for L hour. 8.8 g of the 
hydrazone crystallized from the cooled solution, m.p. 198-200", yreld about 64.7% 


Found %: N 13.63; 13.50 


Hy; Found %: C 54,717; 54.81; H 4.68; 4.70; N 12.98; 12.95 | a 
Cys Calculated Fe: C 54.05; H 4.50; N 12.61 
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Preparation of the p-catbomethoxyaminophenylsulfonythydrazone of acctone, 


10 ink of acetone as added to a solution of 10 yg of the hydrazide in 100 inl of glactel acetic acid at SO°, 
the wlution ts heated under reflux for 1 hour, and $9 ml of acetic acad is distilled off. 5 g of hydiazone crys- 
tallizes out fiom the cooled residue, m.p., after recrystall:zation from alconol, 200-202°, yield 43%, calculated 
on hyds azide taken, 


Found je: .C 46.03; 46.15; H 5.24; 5.30; N 14.70; 14.96 
Calculated C 46.31; H 5.26; N 14.73. 


Preparation of the hydrazide of p-acctamidubenzenesulfonie acid. SO, MINKE 


16 g of sodium bicarbonate 1s added to a solution of 20g of p-acctainidobenzenesulfochlonwe in 400 ml of 
ethes, fo!}owed by gradual addition of a solution of 20 g of hydrazine hydrate in 30 ml of methanol, with vegorous 
slitting. The mixture is left for 5 hours, and the pree:pitate is then collected, washed with ether and then with soda 
solution, and recrystallized from alcohol; yield of hydrazide 18.75 g, or 95.5%, calculated on acctamidobenzene- 
sulfochloride taken, 


Preparation of the hydrazone of acetoacetic ester derived from the Wiydra.ide of p- 
acetamidobenzenesulfonic acid, 
NNHSO,C;H,NH COCH, 


The solvent is distilled off from a solution of 3 g of-the hydrazide and 1.7 ml of acetoccetic ester in 200 ml 
of dry benzene, and the residue is recrystallized from alcohol, giving the hydrazone, m.p. 118-120°. 1n 69% yreld, 
calculated on hydrazide taken 


Found %: C 48.92; 49.03; H 6.09; 5.89; N 12.10; 12 21 
Calculated J: C 49.12; H 5.84; N 12.28 


Preparation of methylpyrazolone 
N 
\ 
NH 


A solution of 27 ml of hydrazine hydrate in 135 ml of water 1s added drop by drop, with vigorous stirring, 
to a suspension of 65 g of acetoacenie ester in 130 ml of water, and the mixture 1s then heated 09 the water bath 
for 30 minutes under reflux. The cooled solution deposits meshy)pyrazolone, in large colorless crystals, m p 210- 
213°, yield 38 g (77.5%). 


Preparation of p-acetamidophenyl-N-methylpyrazolonesulfone 
N CO 


SOC COCH, 


The yield of this reaction varies considerably acco:ding 10 the solvent taken. The reagents were taken in 
equimoleculat amounts in all cases, and were heated: (a) in pyridine, (b) in acetone, (c) in glacial acetic scids 
the respective yields were 30, 42 and 64%. We shall here describe only the third case: 


18.6 g of p-acetamidobenzene sulfoc onde, 7.85 y of incthylpyrazolone, 8 g of anhydrous sodium acetate 
and 100 mi of glacial acetic acid were heated under reflux for 2 hours, after which 200 ml of cold water were 
added to the clear solution. The crystalline product which separates 3s recrystallized from SOR alcuhol yield 
15.3 g, or 64 2h of theory, calculated on inethylpyrazolone taken. 


Yound %. © 48.54, 48 45; 14.88; 4.91; N14 24; 1413 
Calculated %: C 48.81; H 4.41; N 14.23 


Hydrolysis of the acetyl derivative of Pyrazolone, 


Hydrolysis with dilute hydrochloric acid at low temperatures (75 80°) leads to opening of 
nng, with production of sulfamlic acid, which separates from the cooled reaction miatuie, The lydrolyeas aay 
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however, be effected smoothly in acetone solution in the presence of a small amount of hydrochloric acid. 3g of 
acetyl derivative is heated for 1 how on the water bath under reflux with 3 ml of 35% hydrochloric acid in 30 ml 
of acetone, the acetone is distilled off, and the residue is made alkaline with ammonia, and cxtracted with chloro 
form The extract gives 1.9 g of residue, a yicld of 74%: the product melts at 152-155°, after recrystallization 
from 50% alcohol. 


Found %: C 47.05; 46.96; H 4.90; 4.80; N 17.16; 17.11 
Calculated C 47.43; H 4.34; N 16.66 


SUMMARY 
1. The synthesis of p-carbomethoxyaminobenzenesulfinic acid and of its methyl ester are described. 


2. It was found that an adduct of this-ester with phenylme thylpyrazolone could not be prepared, whereas 
methyl p-carbome thoxyaminobenzenesulfonate readily adds on to ft, 


3. The hydrazide of p-carbomethoxyaminobenzenesulfonic acid has been synthesized, and has been shown 
to function as a reagent for compounds containing the carbony) group. 


4. Condensation of the hydrazide of p-carbome thoxyaminobenzenesulfonic acid with acetoacetic ester 
gives 


S. Hydrolysis of the carbemethoxy derivative to the free amine does not take place in acid or alkaline 
soluuon. Heating either gives no effect, or involves opening of the pyrazolone ring. 


6. The hydrazide of N-acetylsulfanilic acid reacts with acetoacetic ester to give only the corresponding 
hydrazone; the second stage of the reaction, involving formation of the Pyrazolone ring, does not take place. 


1, p-Acetamidophenyl-N-me thylpyrazolonesulfone is prepared by condensing methylpyrazolone with 


8. Hydrelysis of the acétyl group of this sulfone does not take place under the ordinary conditions, but 
Proceeds smoothly when it is heated with a small amount of hydrochloric acid in acetone solution. 
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ACETYLENE DERIVATIVES 


PART 128. -HETEROCYCLIC COMPOUNDS, XXII. ACTION OF PRIMARY 
AROMATIC AMINES AND a-AMINOPYRIDINE ON VINYL ALLYL KETONES. 
SYNTHESIS OF ARYL-SUBSTITUTED y -PIPERIDONES AND 1a -PYRIDYL)-4-PIPERIDONES 


I. N. Nazarov, S. G. Matsoyan, and V. A. Rudenko 


In 1948 a simple method was discovered in our laboratory for the synthesis df various 1-alkyl-4-piperidones 
{1}, by the action of ammonia and primary alkylamines on vinyl allyl ketones and 8-methoxy ketones, which are 
readily obtainable by the hydration of divin;lacetylenic hydrocarbons in aqueous ‘methanol solution, in presence 
of mercuric sulfate: 


-CH = bco-ciy-cH = | 


= C-CO-CH,-CH—CH, 


| ul 
—CH C-CH=Chy OCH, 


| 
—-CH-CH-CO-CH,-CH—CH, 


! 
Och, j 


R = Hor alkyl 


The 4-piperidoncs are the basic intermediates for the synthesis of physiologically active compounds of the 
Piperidone series, having, similarly to the naturally occurring alkaloids of the morphine and tropane groups, anal- 
gesic, anesthetic, spasrnolytic, and midriatic action. Starting with 4-piperidones, we have in our laboratory synthe- 
sized numerous 4-piperidone derivatives, in particular various esters of 4-piperidols, in order to discover new phys- 
iologically active substances, and to elucidate the connection between their structure and thei analgesic action 
(21. In connection with these studies we thought it necessary to extend the area of application of the reaction of 
cyclization of vinyl ally] ketones with amines, on the one hand taking dienones with aromatic substitutents, and 
on the other using aroinatic amines. This would afford the possibility of achieving the synthesis of the little 
studied aryl-substitued y-piperidones, in particular of those in which the aryl radical is substituted at the nitrogen 
atom. 


As was expected, ammonia, methylamine, and ethylamine react with mixtures of 3-phenylhepta-2,6-dien- 
4-one (I) and methoxyketone (If) to give the corresponding S-pnenyl-~4-piperidones, and, by further reaction between 
4-piperidones and primary amines, 4-iminopipcrines are forined, which readily regenerate the initial 4-piperndones 
by acid hydrolysis. 


an 


We thus synthesized S-pheny]l-2,6-dimethyl4-piperidone (111) (yield 55%), 5-pheny]-1,2,6-uimethy]4- 
Piperidone (IV) (yicld 50%), and S-phenyl-2,6-dimethyl-1 ethyl -piperidone (V) (ssolated as the picrate); these 
ate the first described meimbeis of the series of S-aryl substituted 4-piperidones: 
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| 
(1p 4H (IV) CH, (V) GH, 


We next investigated the possibility of cyclization of vinyl allyl ketones with primary aromatic amines, 
We fourid that vinyl allyl ketones and their corresponding methoxyketones react in non-aqueous media with 


aromatic, as opposed to aliphatic, amines to give only addition products, which, similarly to other a,B-keto- 
arylamines, readily decompose when distilled. 


Condensation of aniline with allyl isopropeny] ketone (VD or with the methoxyketones (VI), (VID, 


and (LX) gave B-anilinopropyl isopropenyl ketone (X) or ketone (XD, 
isolated as the picrates: 


COCH,CH=CH, 


CH yp 
c NHC 
(vt) 
CH, —CHCOCH,CH=C 
OCH,CHy, 
+ NH, +> CH,-CHCOCH,CHCH, 
OCH,CH, oH, 
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A detailed study of the conditions under which these reactions proceed showed that cyclization of vinyl 


allyl ketones and of their corresponding B-methoxyketones with arylaminés proceeds readily in presence of water, 
according to the following general scheme: 


co 
‘CH, —-CH CH, 
-CH CH HO a B CH-CHy 
N 
| 
Ar 


Addition products are, however, also found among the reaction products. The cyclization products were puri- 
fied and isolated through the corresponding hydrochlorides. 


In this way, condensation of allyl jsopropenyl ketone (V1), and of the methoxyketones (VII), (VIII) and 
(1X) with arylamines gave the following l-aryl-4-piperidones: 1-phenyl-2,5-dimethyl+-piperidone (XI), yield 
45-50%, l-p-tolyl2,5-dimethyl 4 -piperidone (XII), yield 25%, (XIV), yield 
30%, 1-p-methoxypheny]-2,5-dimethy] 4-piperidone (XV), yield 58%, and 1-p-ethoxyphenyl-2,5-dimethyl+- 
Piperidone (XVI), yield 61%: 
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Condensation in presence of water of allyl A)-cyclohexenyl ketone (XVID with aniline or p-anisidine 
gave (XVIII) and 
(X1X), in~490% yield: 


Cc 
CH=CH, 


(XVI) (XVIE) 
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- Condensation of a-aminepyridine with allyl isopropeny] ketone (VI) or allyl b' cyclohexeny! ketone (XVII) an 
presence of water gave-- 30% yields of 1- a-pyridyl-2,5-dimethyl-~-4-piperidone (XX) and 1-a-pyridyl-2-methyl-4- 
ketodecahydroquinoline (XXI), belonging to the interesting group of bisheterocyclic systems: 
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Under anhydrous conditions allyl isopropeny] ketone (V1) gives only the adduct (XX1N, hydrogenanien of 
which (Pd catalyst) gives the pyridylaminoketone (XXIII), ; 
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CH;CHCOCH,CHNH 


As appears from the Table below, in the cyclization of vinyl isopropenyl ketone with arylamines the 
basic factos determining the direction of the reaction and the yield of cyclization products is the basicity of the 
given aromatic amine. The yield of y-piperidone rises paralle] with increase in the basicity (dissoclation 
constant) of the amine. 


The highest yield of piperidone was obtained 


with allyl isopropenyl ketone and p-pheneticine, which 
the: most basic (2.15- 1079) of the amines taken. 
4 

18 The aryl-substituted 4-piperidones obtained by 

3 Anili —— 5 -107* 4550 us are all stable liquid or crystalline compounds, which 

4 aa 15-1079 58 can be distilled in vacuo without decomposition, and 

5 : 2 15- 10°? 3 61 which readily give derivatives, at either the nitrogen 

atom or the carbonyl group. 
EXPERIMENTAL 


5 (DT 


14 g of a mixture of 3-phenylhepta-2,6-dien-4-one (1) and :methoxyketone (II) (b.p. 95-115° [1 mm, nZ 
1.5320 [2}]) were added to 23.2 ml of aqueous ammonia (d 0.93) and 45 ml of methanol, and the mixture was 
heated in a steel cylinder on a water-bath at 60-70° for 4 hours. The ammonia and methanol were then removed 
by vacuum evaporation, initially at room temperature, and later on a water-bath at 45*. The-residue was made 
neutral with 1:3 hydrochloric acid, and the reutral solution was exhaustively extracted with ether. The aqueous 
solution of salts of amines was treated with excess of solid alkali, and the brown oil separating was extracted with 
ether. The ethereal solution was dried with ignited potash, the ether was removed, and the dark-colored residue, 
which had partly crystallized, was vacuum distilled, giving 9 g of readily crystallizing product, b.p. 112° at 
0.17 mm, m.p. 105-108*. Recrystallization from 50% alcohol gave 7.1 g of pure 5-phenyl-2,6-dimethyl+- 
Piperidone (If), colorless crystals, m.p. 108-109*. 


Found %: N 6.82; 6.74 
C43H,;ON. Calculated %: N 6.88 


Hydrochloride of S-phenyl-2,6 dimethyl4-piperidone. This was prepared by the action of hydrogen 
chloride on a solution of the base in absolute ether. After precipitation by absolute cther from alcohol it 
melted at 208-209° (decomposition). 


Found %: N 5.61; 5.70 
Cy3H,,ONC]. Calculated %: N 5.84 


| 

| 

{ 

| The hydrochloride of the 2,4-dininophenylhydrazone was prepared by mixing alcoholic solutions of S-phenyl- ; 3 
2,6-dimethy]4-piperidone and 2,4 -dinitrophenylhydrazinc as yellow crystals (froin methanol) m.p. 
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237-238° (decomposition). 
The picrate of S-phenyl-2,6 dimethyl-4-piperidone melted at 192-193° (from alcohol). 
5 -Pheny] -1,2,6-trirnethy] 4-piperidone (IV) 


12 ml of 34% aqueous methylamine and $0 mi of methanol were added to 10 g of a mixture of 3-phenylhepta- 
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2,6-dien~4-one (1), and: the solution wes beated for & hrdn a-sealéq tuke on a water bath at 70°. The product was 
subjected to the usual treatraent. Excess methyla amine ¥ was removed in vacuum, the residue was made neutral 
with dilute hydrochloric acid, neutral products were extracted with ether, the free base was Jiheraréd by adding 
potash, extracted with ether, and the extract wat dried with magnesium sulfate. The ether was distilled off, and 
the residue was vacuum distilled, giving 6.2 g of liquid, b.p. 120-129° at 1 mm, nf 1. bas, which bas ea 
unpleasant odor, and rapidly darkens on exposure to the als, 


In order to free the base of admixture of iminoderivative it was distolved in 10% hydrochlorie acid, and 
the solution was heated on a boiling wates-bath for 4 hrs. The free base was then liberated by adding sodium 
hydroxide, extracted with ether, the solution was dried with magnesium sulfate, the ether was distilled off, and 
the residue — vacuum distilled, giving 4.5 g of pwe 5-pheny]-1,2,6-trim thyl4-piperidone (IV), b.p. 119-121° 
at 1mm, nj 1.5420; 1.0515; found MRp 65.22; calculated 65.00. 


CyHysON. Calculated Cc 71.43; H 8. 


The picrate of S-pheny] -1,2,6-trimethyl-~4-piperidone melts at 140-141° (from alcohol-acetone mixture). _ 


Found %: N 12.66; 12.47 
Calculated %: N 12.55 


5-Phenyl-2,6-dime thyl-1-ethyl-4-piperidone (V) 

10 g of a mixture of 3-phenyThepta-2,6-dien~4-one (1) with its cor-esponding methoxyketone (I) (b.p. 
80-106° at 1 mm, ng 1.551) and 10 ml of 50% aqueous ethylamine in 15 ml of methanol (for full dissolution 
of the ketones) were heated for 2 hrs in a sealed tube in a water-bath at 65-70°. The reaction product was 
treated in the same way as tefore, and vacuum distillation of the base obtained gave the following fractions: 


Fraction L, b.p. 80-89° at 0.25 mm: n°? 1.5478; 1.7g. 
Fraction b.p. 90-100° at 0.2 mm: np 1.5475; 2.8 g. 
Fraction Il, b.p. 100-105° at 0.2 mm; nf 1.5400; 0.8 g 


All the fractions had an unpleasant, mousy. odor, ve to the imino-tetone, and. rapidly darken when exposed 
to the air. Addition to Fraction IJ of a saturated alcoholic sclution of 3 g of picric acid gave a dark-colored 
precipitate of picrate, which after 2 recrystallizations from alcohol-acetone gave 2.7 g of the picrate 6f S-phenyl- 
2,6-dime thyl-1-ethyl4-piperidone (V), m.p. 150-1§1°. 


Found %: MN 11.85; 12.01 
Calculated %: N 12.16 


1-Phenyl-2,5-diine thyl-piperidone (XI) 


a) Action of aniline on ally} isopropenyl ketone (VI) in presence of water. 250 ml of dioxan was added to 
a boring mixture (under reflux) of 110 g of allyl isopropenyl ketone (b.p. 48-50° at 12 mm, nD 1.4691) (4), Sg 


of freshly distilled aniline, and 60 ml of water, and the homogeneous aed was boiled for 23 hrs, during which 
time a liquid phase separated in increasing amount. The system was acidified with 1:1 hydrochloric acid, the 
dioxan and water were distilled off in vacuo, and the residue of salts of amines was dissolved in 200 ml of hot 
water. The cooled solution was extracted with ether, to remove neutral products, and it was then made alkaline 
with solid alkali. The dark-colored mass separating was extracted with ether, and the solution was dried with 
sodium sulfate, and fractionally distilled, giving the fractions: 


Fraction I, b.p. 60-115° at 1 mm: 11.5g 

Fraction 0, b.p. 115-130° at 1 mm: 150.7g 

Fraction Tl, b.p. 130-160° at 1 mm; 10.1 g (with decomposition) 
Tarry residue — 22g 


Fraction 11 (b.p. 115-130°at 1 mm) was dissolved in 300 mi of 1:1 hydrochloric acid, and the solution 
was evaporated to dryness on a water-dath, in vacuo. The partly crystalline residue was treated with warm acetone, 
to purify the crystals of hydrochloride, which were then collected on the filter (145 g), washed with ether, and 
dissolved in water. Excess of alkali was added to the solution of hydrochloride, and the oil separating was again 
extracted with ether, the ecihereal solution was dried with sodium sulfate, the ether was distilled off, and the 
residue was vacuum distilled, giving 102 g of 1-phenyl-2,5-dimethyl-4-piperidone (XI), a colorless, viscous oil, 
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insoluble in water, with a faint odor of aniline, b,p. 116-117° at 1 mm, ny 1.5519, az 1.0650, experimental 
MRp 60 98, calculated MRp 60.55. 
Found %: N 6.97; 6.91 
Calculated N 6.88 

{ 
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The hydrochloride of 1-phenyl-2,5-dimethy]l-pipezidone was prepared by passing dry hydrogen chiorids 
through an ethereal solution of the base. It is readily soluble tn water, but not in acetone. After recrystallizatioa 
from alcoho)-acetone mixture it melts at 157-157.5° (in a sealed capillary). 


Found %: N 6.11; 5.88 
Calculated N 5.84 

Found %: Cl 14.96 
Calculated %: Cl 14.80 


The picrate of 1-pheny]-2,5-dimethyl+-piperidone was prepared by mixing alcoholic solutions of picric 
acid and of the base; yellow crystals, insoluble in alcohol, m.p. 137-138*. 


Found %: N 13.13; 12.95; 12.92 
Caste Calculated %: N 12.96 


The hydrochloride of the dinitrophenylhydrazone was prepared by adding an acid alcoholic solution of 


2,4-dinizophenylhydrazine to an alcoholic solution of 1-phenyl-2,5-dimethy!-4-piperidone; m.p. 183-183.5° (from 
alcohol). 


Found %: N 16.48; 16.63 
Cz9HyN50,Cl. Calculated %: N 16.68 


The acetone was distilled off from the filtrate from 1-phenyl-2,5-dimethyl~-piperidone hydrochloride, and the 
dark, non-crystalline residue was dissolved in a small volume of water. The solution was alkalized, the base separating 
was extracted with ether, and the extract was dried. with sodium sulfate. Repeated fractional distillation in vacuo, 
which was associated with decomposition of the product, gave 6.5 g of base, b.p, 124-128° at 1 mm, a light yellow 
liquid with an odor resembling that of tre initia! dienone. Addition of a saturated alcoholic so)tion of picric acid 
(7 g) to an atcoholic solution of the base gave « yellow oil, fromm which a crystalline picrate was obtained by treat- 
ment with acetone-alcohol mixture. Fractional crystallization of the picrate from an ethanol-methy] ethy] ketone 
mixture gave 1.2 g of the picrate of B-ani’ inopzopyl isopropenyl ketone (X), m.p. 125-126°. 


Fourd %: N 13.1; 12.76 
Calculated %: N 12.96 


b) Action of an‘line on a mixture of metroxyketones (V2), (VIII), an in presence of water. 130g of 
a mixture of the methoxyherones (Vii), (VII), end (.X) (b.p. 6E-85° at 13: mm 1.4350) 150 g of aniline, 
and 200 ml of watez were heated to beiling unde: -efMux, and 160 ml cf methanol was added; the homogeneous 

solution was boiied for 22 hrs. The oly layer of base which sepa:ated from the cooled solution was dissolved by 

adding 200 ml of concentrated hydrochtozic acid, -nd the ecid solution was extracted with ether, to remove 

! neutral products, and was then evaporated in vacuo. The semi-crystalline residue was repeatedly extracted with 
| acetone, and the crystalline hydrochloride remaining was collected on the filter, and washed with ether. 
i 


The hydrochloride (125 g) wes dissolved in wate, and the solution was made alkaline. The oily layer 
separating was extracted with erher, dried with sodium sulfate, end vacuum distilled. Repeated distillation gave 
82 g of the above-descr:bed 1-phery!-2.5-dimethy! 4-piperidore (X11), b.p. 116-117° at 1 mm, np 1.5520, the 
Picrate of which, m.p. 137.5-138°, gave no deprescion with the previous specimen. 


c) Action of aniline on a mixture of the mathoxyketones (' : , in absence of water. A 
mixture of 70 g of the methoxyketones(VIl), (VIII). and (1X) (b.p. 65°-85° at 13 mm, np 1.4350),60 g of freshly 
distilled aniline, and 75 ml of anhyd'ous dioxan was boiled unde: reflux for 25 hrs, and the dioxan and unreacted 
reagents were distilled off in vacuo. Partial decomposition of the tarry residue (90 g) took place during its vacuum 
distillation. Repeated redistillation finally gave 11 g of p-oduct, b.p. 122-126° at 1 mm, nf 1.5560. 


j 

An alcoholic solution of the product was left overnighs with a saturated alcoholic solution of picric acid 
g), giving 1.3 g of picrate, m.p. 137-139°, not giving any depression w!th the picrate of 1-phenyl-2,5-dimethyl- 
4-pipcridone. The mother liquor, after removal of prt of the solvent, gave 4.5 g of the picrate of B-anillnopropyl 
| 8 -methoxyisopropyl ketone (XN, m.p. 104-105° (f:om alcohol). 
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Found 12.14; 21.90 
Calculated N 12.08 


The base liberated from the picrate of m.p, 104-105° underwent decomposition when distilled; no individual 
products could be isolated from the distillate. 


A solution of $3 g of a mixture of ally) Ssoprepenyl ketone (VD with the corresponding methoxyketones 
(VIN), (VUN), ond (IX) (b.p. 55-80° at 12 mm, nj 4.4281) in 200 ml of methanol was added gradually to a boiling 
emulsion of 100 g of ptol uidine (freshly distalled) in 300 ml of water, and boiling was continued under -reflux 
for 24 hrs., after which 120 ml of concentrated hydrochloric acid was added to the cooled solution, which was 
then evaporated down under reduced pressure, and extracted with ether, to remove neutral products. The solution 
was saturated with solid caustic soda, the oi) separating was twice extracted with ether, the ether solution was dried 
bes with sodiurn sulfate, the ether was distilled off, and the residue was fractionally distilled in vacuo. An ethereal 
| solution of the fraction (56 g) boiling at 137-143° at 1.5 mm was saturated with hydrogen chloride , the hydro- i 
chloride which separated was collected, washed with acetone, and recrystallized from alcohol containing a small wey 
pa amount of water, giving 42 g of 1-p-tolyl-2,5-dimethyl~4-piperidone hydrochloride, glistening crystals, m.p. 
158.5-160° (decomposition). 


Found %: N 5.52; 5.58 
Calculated N 5.52 


Addition of aqueous potassium carbonate to an aqueous solution of the hydrochloride of m p. 158.5-160° a : 
gave (X21), b.p. 128° at 1 mm, ny 1.5419; 1.0420; found 65.5; 
calculated MRpb 65.17, a colorless, viscous liquid, which can be distilled without decomposition. 


Foun] %: N 6.94; 6.81 
Caleulated%: N6.45 


(XIV) 


A mixture of 95 g of allyl Seaprepenye: ketone (V‘) with its comesponding methoxyketones (VD), (VIN, 
and (1X) (b.p. $5-80° at 12 mm, ob 1.4281), 100 g of freshly distilled o-toluidine, 300 ml of water, and 250 ml a 
of methanol was boiled for 21 ht&S The methanol was then distilled off in vacuo, the solution was acidified with Bat 
| concentrated hydrochloric acid,.and the solution was extracted with ether, to remove neutral products. The 
| free >2se was liberated by adding solid alkali, and was extracted with ether, the etheres}.:olution was dried 


with sodium sulfate, the ether-was distilled off, and the residue was vacuum distilled. An ethereal solution of 
the fraction boiling at 120-130° at 1 mm (67 g) was saturated with dry hydrogen chloride, the mixture of salts 
obtained was washed with acetc»¢, and the residual material was recrystallized from 90% ethanol, giving 
50.5 g of -t-piperidone hydrochloride, m.p. 132.5-133.5°. 


Found 9%: N 5.83; 5.79 
Cy3,,ONC1. Calculated %: N 5.52 


ef . : Alkalization of an aqueous solution of the hydrochloride gave the free base 1-0-tolyl-2,5-dimethyl+- 
2 piperidone (XIV), b.p. 107° at 0.5 mm, n¥§ 1.5288; 49° 1.0231; found MRp 65.48; calculated MRp 65.17, 
a colorless, viscous liquid, which can be distilled without decomposition. 


Found %: N 6.87; 6.90 
ON. Calculated N6.45 


1-p-methoxypheny]-2,5 -dimethy]+4-piperidone (XV) 


: A mixture of 100 g of allyl fsopropeny] ketone (VI) with its corresponding methoxyketones (VII), (VIT), 

* and (1X) (b.p. 55-80° at 12 mm, np 1.4281), 160 g of p-anisidine, 100 ml of water, and 170 mi of methanol was 
boiled under reflux for 25 hrs. The methanol was then distilled off in vacuo, the residue was made acid with 
150 ml of concentrated hydrochloric acid, and the solution was extracted with ether to remove neutral products. 
The aqueous ‘olution was evaporated to dryness in vacuo, and the residue was boiled for 2 hrs under reflux with 
200 ml of acetone. The crystalline product was collected, washed with ether, and recrystallized from acetone 
containing a small amount of alcohol, giving 175 g of 1-p-methoxyphenyl-2, 5-dime thy] 4 -piperidone hydror 
chloride, m.p. 152.5-153.5°, 


Found %e: N 5.62; 5.50 
Calculated %: N 5.20 
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t allyl isopropenyl ketone (b.p. 43~46° at 11 mm, 1.4705) ard 12 g of a-aminopy-idine (m.p. 57°) was heated 


Addition of aqueous ammot.ia to an aqueous solution of the hydrochloride (m.p. 152.5-153.5°) gave the 
{rece base 1-p-me thoxypheny]-2,5-dimethyl4-piperidone (XV), colorless crystals (from light petroleum), m.p. 
$1.$-52.5°, b.p. 124-125° at 0.5 mm. ‘ et. 


Found %: N 86.11; 6.31 


The hydrochloride of the dinitrophenylhydrazone was obtained by adding an alcoholic solution acidified 


with hydrochloric acid, of 2,4-dinitrophenylhydrazine to an alcoholic solution of 1-p-methoxypheny]-2,§-dimethyle 
4-piperidone; it melts at 188-188.5° (from alcohol), 


Found %: N 15.46; 15.70 
Calculated %:N 15.55 


1-p-Ethoxy (XVI) 


A minature of 35 g of allvl isopropenyl ketone (Vi) with its corresponding methoxyketones (VII), (VIM), and 
(1X) (>. p. SS-80° at 12 mr, nD 1.4281), 35 g of p-phenetidine, 20 ml of water, and 20 ml of methanoi was boiled 
under reflux for 21 hrs, and the dark, only layer of base formed was separated, treated with 50 m) of concentrated 
hydrochloric acid, eid extacted with ether, to cemove neutral products. The aqueous layer was then cooled,when 
9 g of phenetidine hydrochloride (m.p. 232-234°) separated. It was filtered off, and the filtrate was alkalized with 
solid atkali, whén an oil separated, which crystallized when cooled. It was collected, dried, and recrystallized 
from alcohol, giving 37 g of 1-p-ethoxyphenyl-2,5-dimethyl~-nipezidone (XVI, large crystals, m.p. 87-88°. 


Found %: N 5.89; 6.07 
Calculated %: N5.67 


The hydrochloride of 1-p ethoxy phenyl-2,5-dimethy]+-piperidone was precipitated as an oil when an 
ethereal solution of the base was saturated with dry hydrogen chloride. The oil- was dissolved in hot methyl 
ethyl ketone, and the cooled solution deposited the crys‘alline hydrochloride, m.p. 129-130°, 


Found %: N 5.28; 5.25 
C.;H.,0,NC] Calcalated %: N4.93 


1-2 ( 


a) Action of a-amihopyrid‘ne on a mixtice of methoryketones (VIN, (VIII), and (X), in presence of water. 


A mixture of 160 g of methoxyketones (VID, (VHI), and (LX) (b.p. 55-80° at 12 mm, np 1.4281), 100 g of a-amino- 
Pytidine, and 400 mi of wates was boiled fo: 5 hrs, and the oily Jayer separating from the cooled solution was 
separated and vacuum distilled, giving 65 g of distillate bo‘ling at 120-125° at 1 mm, a viscous liquid, Jarkening 
On exposire to the air, and possessing an unpleasant odor. The hydrochloride obtained by saturating an ethereal 
solstion of the fraction with: hydrogen chloride was extracted a few times with hot acetone, and was then twice 


precipitated from alcohol by means of ethe>, giving 55 g of monohydrochloride of 1-a-pyridyl-2,5-dimethyl~- 
Piperidone, m p. 149-150°% 


Found %: N 11.74; 11.90; Cl 14.48 
Calculated %: N 11.60; Cl 14.75 


Alkalization of an aqceous solution of the hydiochiozide gave the free base 1-a -pyridyl-2,5-dimethyi~- 


Piperidone (XX), m.p. 70-71° (from light petsoleum), b.p. 112° at 0.5 mm, small odocless crystals, insoluble 
in water. 


Found %: N 13.60; 13.90 
Calculated %: N 13.72 


b) Action of a -aminopyr'dine on allyl isop-openyl ketore (VI) in absence of water. A mixture of 15 g of 


for 20 min. on a boiling water-bath, and the mixture wes then fractionally distilled in vacuum. The following 
fractions were obtained, after the unchanged -eagents bad been distilled off (6.8 g of ally] isopropenyl ketone 
and 4.4 g of a-arminopyridine): 

Fraction L b.p, 73-126° at 3 mm; 2.6 g 

Fraction it, b.p. 127-129° at 3 mun; 8.2 gi nf) 1.5580. 
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Fraction 1 partly crystallized, and the crystals were found to be a-aminopyridine, m.p. 57°. Fraction 0 
is a viscous, yeliow liquid, with a sharp, unpleasant odor; it rapidly darkens on standing. Redistillation of 
Fraction U gave the fractions: 


Fraction 1, b.p. 45-49° at 11 mm, 1.0 g: 1.4700 
Fraction Il, b.p. 70-128° at 2.5 mm; 2.2 gs 
Fraction Il, b.p. 129-131° at 2.5 mm; 2.5 gi ny 1.5578 


Fraction I {s allyl isopropenyl ketone, and the crystals separating from Fraction II were found to be a-amino- 
pyridine, m.p. 57°. 


Thus the product of reaction of ally] {sopropenyl ketone with a-aminopyridine, in absence of water, 
decomposes when vacuum distilled, regenerating the initial reagents; it ts 8-(a-aminopyridino)-propyl isopropenyl 
ketone (XXID, b.p. 129-131° at 2.5 mm, ny 1.5575; dD 1.0554; found MRp 62.27; calculated MRp 60.30, the 
Picrate of which melts at-~ 230° (decomposition) (from alcohol). 


The same product, Ba -aminopyridino)-propyl isopropenyl ketone (XXI1), is obtained when a mixture of 
methoxyketones (VII) and (VIII) is heated in-absence of water. The theoretical amount-of hydrogen was absorbed 
when 4.§ g of this product in 10 ml of alcohol was hydrogenated with Pd catalyst at room temperature. The alcohol 
was then distilled off, and the residue was twice distilled in vacuum, giving 1.3 g of 8a -aminopyridino)-propyl 
isopropyl ketone (XXIID, a faint yellow liquid, b.p. 125-126° at 4 mm, 1.5280; 1.0243; MRp 61.98: 
calculated MRp 60.77; picrate, m.p. 130-151° (from alcohol) 


(XVID) 


A mixture of 28 g of allyr -cyclohexenyl ketone (b.p. 108° at 9 mm, n nb 1.5103 27 g aniline, 
65 mi of water, and 120 ml of dioxan was boiled under refi: for 15 hrs, and the oily be. a separating after 
cooling was vacuum distilled, giving 27 g of a fraction, b; p. . 140-146" at 1 mm, which crystallized en standing. 
Recrystallization from light petroleum gave 15.3 g of 1-phenyl-2-methyl4-ketodecahydroquinoline (XVID, 
large crystals, insoluble in water, m.p. 101-103°. 


Found %: N 5.77; §.97 
Caicylated % N5.75 


The hydrochloride of i-pheny]-2 anethy]l4-ketodecahydroquinoline was obtained by saturating an ethereal 
solution of the base with dry hydrogen chloride; after recrystallization from alcohol-ether mixture it had m.p. 
142-143*. 


Found %: N 5.17; 5.27 
CygH,gONCl. Calculated %: N5.00 


1-p-Methoxy phenyl-2-methyl-4-ke todecahydroquinoline (X IX) 


A mixture of 20 g of allyl A—cyclohexeny! ketone (XVII) (b.p. 108° at 9 mm, my 1.5102), 18 g of p-anisidine, 
13 ml of water, and 18 ml of methanol was boiled under reflux for 12 hrs, and the dark oil which separated on cooling 
was distilled in vacuum. The fraction (20g) of b.p. 145-160° et 1 mm was dissolved in ether, and the solution was 
saturated with dry hydrogen chloride. The mixture of salts so obtajned was washed with acctone, and recrystallized 


from aYcohol-methy] ethyl ketone mixture, giving 16.5 g of 1- “P- 2-methy] +4 -ke todecahydroquinoline 
hydrochloride, m.p. 150-151°. 


Found %: N 4.83; 4.71 
CyzH,4O,NC1. Calculated %: N 4.52 


Addition of aqueous ammonia to an aqueous solution of the hydrochloride gave colorless, odorless crystals of 
1 -p-methoxypheny]-2-methyl 4 -ke todecahydroquinoline (X1X), m.p. 98-99°, insoluble in water. 


Found %: N 5.79;,5,25 


A olunnon of 10 of ally! al- ket ne (b. 108° aus mn, 1. $102),,16 inl of water. 
ware Olle. Under ‘for: 22 brs, ane the dark op qvatating the cvoleu solution 
way vacuun. distined. The fraction (6.1 boiling at at min was ubsolveu in alcohol, and an alcoholic 
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solution cf 6 g of picsie acid was added, The product was recrystallized from alcohol-acetone mixture, giving 5.2 g 
of the monopicrate of 1-a -pyridyl-2-methyl-4-ketodecahydroquinoline {XXI), a yellow powder, m.p, 145-146°, 


Found %: N 14,90; 14.85 
Calculated %: N 14.80 


SUMMARY 


1, New 5-phenyl-4-piperidones have been prepared by cyclization of 3-phenylhepta-2,6-dien4-one with 
ammonia, methylamine, aus ethylamine, In contrast to aliphatic amines, aromatic amines react with vinyl 
allyl ketones inabsence of water to give only addition products. Cyclization of allyl lsopropenyl ketone and 
ally) Scyclohexenyl ketone with primary aromatic amines of @-aminopyridine ts effected in presence of water. 


2. A general method Is advanced for the preparation of l-aryl~4-piperidones and 1-a -pyridy]4-piperidones. 
3. The yield of cyclization product {s shown to be proportional to the basicity of the aromatic amine 
taken. 
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ACETYLENE DERIVATIVES 
PART 129. HETEROCYCLIC COMPOUNDS 
XXIV, TRANSFORMATIONS OF 1-PHENYL-2,5-DIMETHYL-~4-PIPERIDONE 


‘I. N. Nazarov, S. G. Matsoyan, and V. A. Rudenko 


The preceding paper described: the synthesis of l-ary]-4-piperidones, which are readily formed by cycliza- 
tion of viny) ally] ketones ar-of their correspond:ng 8 <methoxyketones with primary aromatic amines, ir presence 
of water [1): 


1 
- CH As 


N-Aryl4-pipezidones have been little studied up till now, because of the difficulty of their preparation. The only 
xMown representatives of this group were 1-phetiyl4-piperidone {caly the hydrochloride was described) [2} and 
1,2,C-ripheny]-4-piperidone 3} 


The simple and general method for synthesis of 1-aryl-piperidones described by us afforded us the 
opportunity of studying various reactions of 1-phenyl-2,5-dimethyl-piperidone (1), which f seadily prepared 
from the commercially obtainable methylvinylethinylcarbinol and aniline. 1-Phenyl-2,5-dimethyl-<-piperidone 
(1), similarly to dialkylanilines, reacts in the cold with nitrous acid, giving 1-p-nitrosopheny!-2,5dimethyl4- 
piperidone (Ml) in 73% yield; green granules with a metallic sheen. This nitroso-compound is reduced by stannous 
chloride in hydrochloric acid solution to 1-p-aminopheny]-2,5-dimethyl+-piperidone (1 (96% yield), which, in 
the same way as other aromatic amines, readily condenses with benzaldehyde, giving a 42% yield of the Schiff*s 
base 1-p-benzylide ne aminophenyl-2,5-dimethyl~ -pir<ridone (IV). 


1-Phenyl-2,5-dimethyl~-piperidone (I) readily couples with P-diazobenzenesulfonic acid, giving the 
azo-dye (V) in 66% yield. Its sodium salt resembles methy] orange in giving yellow 2queous solutions which 
change to an intense red when the solution is acidified. 


Addition of hydroxylamine an aqueous alcohcHe solution of (1) 
gives a quantitative yield of the oxime (VI), as a mixture of stereoisomeric syn- and antl-isormers, which we 
were not able to separate by means of fractional crystallization. Reduction of oxime (V}) gave the expected 
4-amino-1-phenyl-2,5 dimethylpiperidine (VO), which avidly absorbs atmospheric carbon dioxide, affording the 
carbonate. The primary amine (VII) (or its carbonate) is easily acetylated with acetic anhydride, giving 4- 
acetamido-1 -phenyl-2,5-dimethy] piperidine (VIII). 


Condensation of 1-phenyl-2,5-dimethy]~4-piperidone (1) with methylamine gives 4-methylimino-1-phenyl- 
2,5-dime thy]piperidine (LX), a liquid which darkens when exposed to the alr, and which possesses the characteristic 
unpleasant odor of imines. Hydrogenation of this (Pt catalyst) affords 
piperidine (X): (see top of next page). 


aL 
d 
: 
| | 
4 
4 
1 
ee 
“Lea 
i 
| 
: 
¢ 
eet 


_ 


om 


ch 
‘ 
N Ni N==CHC sity 
NH NHCOCHg 
J 
CHy-, 
—CH, 
> 
(1) (VID evan 
H 
+ CH,CH,CH,CHOHCHCH, 
om 
| J Cl, 
(xup 


(x) (x) 2 (XD 


Exhaustive hydrogenation under pressure (200-250°; &) atm), with Raney Ni catalyst, converts 1-phenyl- 
2,5-dimethyl~-piperidone (1) into the known 1-cyclohexyl-2,5-dimethyl~-piperidol (XI), together with products 
of opening of the piperidine ring. The low b.p. fraction, after elimination of basic compounds, was found to 
contain 2-methyl-hexan-3-0l (XI), identified as the semicarbazone of 2-methylhexan-3-one (XII}). It follows 
that the piperidine ring ruptures at the nitrogen atom. 


EXPERIMENTAL 


1-Pheny12,S-dimethyl-4-piperidone (1) was prepared by the method given in our preceding paper (1), by 


the cyclization of allyl isopropenyl ketone and its corresponding methoxyketones with aniline, in presence of 
water. 


(1). 24 g of 1-phenyl-2,S-dimethyl+-piperidone (b.p, 
116-118* at 1 mm, njf 1.5521) was dissolved in $8 ml of 1:1 hydrochloric acid, in a porcelain beaker. The 
beaker was cooled in ice, 50 g of ice was added to it, and a cooled solution of 9.5 g of sodium nitrite in 40 
ml of water was added drop by drop, from a dropping funnel, with energetic shaking. The hydrochloride which 
separates after an hour was collected, and the filtrate was concentrated, when a further batch of hydrochloride 

_ crystallized out. After recrystallization from a mixture of concentrated hydrochloric acid and alcohol 23.2 g 


of 1-p-niuosophenyl-2,5-dimethyl~ -piperidone hydrochloride was obtained; well-formed orange-yellow crystals, 
m.p. 152-153°*, 


The free base was obtained by shaking a mixture of the hydrochloride with ether and aqueous sodium 
carbonate, separating the emerald green cthereal layer, and evaporating off the solvent in a porcelain dish. The 
mixture was recrystallized froin an alcohol-ga,ciine mixture, to give 


. 
‘ 


Piperidone (11), m.p. 130-130.5°, small green crystals with a metallic sheea. 


Found N 11.97; 12.14 
Calculated N 12.08 


1-p-Nitrosophenyl-2,5 -dimethyl-4-piperidone {s instantly hydrolyzed by aqueous alkalis, with production 
of p-nitrosophenol and 2,5-dimethyl-4-piperidone, which undergoes condensation under the conditions of the 
reaction. p-Nitrosophenol fs identified by the Liberman reaction, after separation from ths tamy products. 


1-p-Amino phenyl-2,5 -dimethyl-4-piperidone A solution of 
piperidone hydrochloride, prepared as above from 18 g of 1-p*phenyl-2,5-dimethyi-4-piperidone, 15 ml of 
hydrochloric acid, and 7.5 g of sodium nitrite in 50 ml of water, was added drop by drop to a solution of 
50 g of stannous chloride in 60 ml of concentrated hydrochloric acid, at 40-60° with constant stirring. After 
all the nitroso-compound had been added the flask was placed on a boiling water-bath, and stirring was continued 
for a further 50 min. The reaction mixture was then made alkaline with SO% caustic potash, and the dark- 
colored product was extracted with ether. The ether was then distilled off, and the residue was recrystallized 
-from alcohol, giving 13.6 g of 1-p-amisio-phenyl-2,5-dimethyl-4-piperidone (IJ) crystals, m.p, 135.5-136.5°, 
which rapidly darken on exposure to the atmosphere. 


Found %: N 13.01; 13.03 
Cy3H; Calculated %: N.12.83 


The hydrochloride of the dinitrophenylhydrazone was obtained by adding an alcoholic solution of 2,4- 
dinitrophenylhydrazine, acidified with hydrochloric acid, to an alcoholic solution of 1-p-aminophenyl-2,5- 
dimethyl ~-piperidone; 1t melts at 115-116*; after recrystallization fom alcohol. 


1-p-Benzylideneaminophery]2,5-dimethy]l4-piperidone (IV). A mixture ef 2gof 1-p-aminophenyl- 
2,5-dime thyl~s-piperidone (m.p. 135.5-136.5°) ,5 ml of alcohol, and 2 mi of benzaldehyde was heated at 60-70° 
for Lhour. The cooled solution deposited yellow crystals, recrystalization of which from absolute alcohol gave 
1,9 g of 1-p-benzylidene arn inophenyl-2,5-dimethyl4-piperidone (IV), crystals, ma _p, 130.5-131.5°." 


Found %: N 9.26; 9.32 
Cz Calculated N9.14 


42,5 -dimethyl~-ketopiperidino) azobenzene~4"-sulfonic acid (V). A solution of 5 g of sodium sulfanilate 
and 2 g of sodium nitrite in 20 ml of water was added to a mixture of 12 ml of concentrated hydrochloric acid 
and 50 g of crushed ice, and the resulting solution of diazobenzenesulfonic acid was cooled to 4°, and 2dded drop 
by drop, with stirring, to a solution of 5 g of 1-phenyl-2,5-dimethyl4-piperidone (b.p, 116-118° at 1 may ny 
1.5521) in 6 ml of hydrochloric acid (1:1). 


The solution was made alkaline with dilute caustic soda, when a brown precipitate of the azo-<dye (V) 
separated. It was collected and washed on the filter with water; yield 6.5 g of sodium 4-(2,5-dimethyl4 keto- 


piperidino)-azobenzene~4"sulfonate (V), a brown powder, dilute solutions of which are colored yellow, changing 
to an intense red when acidified. 


: Found %: N 10.13; 10.35 
Cy gH, QOgNsSNa. Calculated %: N 10.26 


4-Amino-l -phenyl2,5-dimethylpiperidine (VI). a} Preparation of the oxime of 1-phenyl-2,5-dtmethyl+- 
piperidone (VD. A solution of 30 g of 1-phenyl]2,S-dimethyl]+-piperidone (b.p. 117-118° at 1 mm. ny 1.5519 
in 150 ml of alcohol was mixed with a solution of 30 g of hydroxylamine hydrochloride and 60 g of sodium 
acetate in 100 ml of water, and the resulting suspension was heated for a short time on a water-bath. The cooled 
solution was filtered, and the residue was dried in a vacuum desiccator, giving 31 g of the oxime of 1-pheny] 2,5- 
dimethyl+-piperidone (V1, which melted at 70-83° after two recrystallizations from 50% alcohol. 


Found %: N 12.80; 13.14 
Cy3HygON. Calculated %: N 12.83 


b) Reducticn of the oxime of 1-pheny]2,5-dimethyl4-piperidone (VD. A solution of 25 g of oxime in 
300 ml of isoamy* alcohol was placed in a flask fitted with a stirrer and a reflux condenser, and 24 g of sodium 
was added gradua’.y, avoiding violent boiling of the system. The flask is (<a heated until all the sodium has 
dissolved, and the solution was then cooled, 250 ml of water and 400 ml of ether were added, the ethereal extract 
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was wasted with 100 ml of water, and dried with sodium sulfate. The ether and the {soamy! alcohol were thea 
distilled off, ard the rcsidve was vacuun disulled, giving 18 g of 4-amino-1-phenyl-2,5-dimethylpipeidine (VI), 
a colosless liquid with a powerful odor of amine, b.p. 114-115° at 1 mm, ny 1.5425; 33° 1,0035; found MRp 
64.11; calculated MRp 63.98. 


Found %: N 13,78; 13.73 
Calculated %: N 13.71 


The amine thus obtained readily absorbs atmospheric carbon dioxide, giving a carbonate, m.p. above 190°, 


4-Amino-1 -pheny]2,5-dimethylpiperidine dihydrochloride was obtained by passing dry hydrogen chloride 
into a solution of the amine in ether-alcoho) mixture. It melted at 204-206°, after recrystallization from absolut 
alcohol. 


Found %: Cl 25.11 
Calculated %: Cl 25.60 


4-Acetamido-1 -phenyl-2.5 dimethylpiperidine (VM). 2 g of ine 
(dp. 114-115" at 1 mm, «5 1.5425) was mixed with 2.5 g of acetic anhydride, and the mixture was heated on 
the water-bath for 30 min, after which it was made alkaline with 20% potassium hydroxide solution, The 
crystailine precipitate was washed with water; yield, 2.2 g of 4-acetamido-1-phenyl-2,5-dimethyl piperidine 
(VID, m.p. 146-148° (fom alcohol<aroline mixture), 


Found %: N 11.33; 11.26 
Calculated %: 11.37 


piperidine . Igof 1-phe nyl-2,5 thy] + piperidone (d.p. 
116-118° at 1 mm, ne 1.5519) was placed in a glass tube immersed in a freezing mixture, and dry methylamine 
was passed unul the weight had increased by 11.5 g, when the tube was sealed and heated for 3 hrs at 65°, The 
excess of methylamine was removed under reduced pressure, and the residue was dissolved in 30 ml of absolute 
alcohol. The sotution of 4-methylimino-1-phenyl-2,5-dimethyl piperidine (IX) was hydrogenated (Pt catalyst; 
Adams method); 730 ml of hydrogen (18* at 758 mm). 6.5 g of a colorless, viscous liquid with a characteristic ee 
odor of amine was cbtained, b.p. 119-121° at 1 mm, nt® 1.5522, and its ethereal solution was saturated with ‘i 
dry hydrogen chloride, giving-a colorless hygroscopic hydrochloride, which was purified by dissolving in acetone 
and precipitating out with ether, giving 3.1 g of 4-methylamino-1-phenyl-2,5-dimethylpiperidine dihydrochloride 
(X). m.p. 195.5-197° (in a sealed capillaty), as small crystals, readily soluble in water. 


Found %:N 939; 9.51; 9.32; Cl 24.06 
Cy Calculated %: N 9.61; Cl %4.37 


(XD. 46 g of (b.p. 115-116° at 
0.8mm, np 1 $52) in 53 ml of alechos wis hydrogenated (0.6 g of Raney Ni) in a rotating autoclave of capacity 
iS€ ml, at 200250° ard én initial hydrogen pressure of 90 atm. Altogether 4.33 moles of hydrogen were absorbed Bs 
per mote of p'peridone. The solution was filtered, to semove catalyst, ard the hydrogenation product was fractionally 
distilled in vacusm, giving the following f-actions: 

Fraction } b.p. 70-100° at 10 mm; 24g 

Fraction J, b.p. 115-12S° at 1 mm; 13g 


An ethereal solution of Fraction il (b.p. 115-12S° at 1 mm) was saturated with hydrogen chloride, to give 
hydrochloride which, afiez two recrystallizations f-om alcohol; fnelted at 305-307, and which when treated with 
25% aqueous ammonis y‘elded tne free base, m.p. 85-86" (fromasclirc), The base and its hyd-ochloride gave no 
depression when mixed with or its hydrochloride, previously prepared 
it Out Isboratory from (m.p. 98°), formic acid, and cyclohexanone. 


| 
An ethezes) solution of Fraction 1 (b.p. 70-100° at 10 mm) was saturated with hydrogen chloride, and the | 
eneveai layer was carefully decanted off. The res‘due after the ether had been distilled off, consisting of neutral 
Products, was th ce times distuiled at atmospheric pressure, givirg 2.1 g of substance of b.p. 140-143°, nD 1.4190 
(‘he literature [4] gives for 24nerhy!nexan-3-01 (Xi) a b.p. of 141-142°, Np 1.41493). The product (1.5 g) was 
shaken for 1 he with a solution of 1.2 g of porassi'im dichromate in 30% sulfuric acid, and the oxidation product : 
was extcacted with ether, Ts semicaibazone melted at 116-118° (from 50% alcohol), and gave no depression 
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of m.p. with the semicazbazone, m.p. 11%229°, of a known sample of 2-methyl-hexan-3-one (XID [5} 
SUMMARY 
A series of transformations of 1-phenyl-2,5-dimethyl-4-piperidone (1)affecting the keto group and the 
pheny] radical are described, The compounds II - have not previously been described, 
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CATALYTIC HYDROCONDENSATION OF CARBON MONOXIDE WITH OLEFINS 


PART 9. REACTION OF METHANOL AND ETHANOL WITH ETHYLENE 


Ya. T. Eidus and I. V. Guseva 


It has been shown earlier [1,2,3) that a mixture of ethylene and hydrogen does not react under the 
ordinary conditions of catalytic hydrocondensation.unless the mixture contains some carbon monoxide, evea 
very small admixtures being effeetive in this respect. The effect increases as the carbon monoxide contem 
of the mixtures rises from 0 to 6%, as is shown by rise in the yield of hydrocarbons, in particular of the heavier 
fractions. It was suggested that the methylene radicals formed at the catalyst surface by hydrogenation of carbon 
monoxide may act as initiators of the reaction, and may at the same time enters into the composition of the newly 
formed hydrocarbon molecules, as is shown by the presence among the reaction product: of hydrocarbons with aa 
odd number of carbon atoms in the molecule. 


It was natural to expect that the same condensing action on ethylene (olefin) hydrogen mixtures would 
te exerted by such substances which would not under the given conditions act as.contact catalyst poisons, but 
would decompose to yield cither methylene radicals (for example, ketene [4] or perhaps diazomethane) or carbon 
monoxide, which could undergo hydrogenation at the catalyst surface to yield methylene radicals. 


We first examined methanol as being a substance whose chemica? structure is such as would lead us to 
expect it to exert a condensing effect in the reaction with ethylene, since it is known that methanol readily 
decomposes at various contact catalysts with liberation of carbon monoxide, by the reaction: 


CH,OH — (HCHO CO+ 2H, Q) 


Moreover, since the second product of reaction (1) 1s hydrogen, the presence ef which is necessary for the 
reaction of hydrocondensation of carbon monoxide with olefins, it could have been supposed that it would undes 
the given conditions be possible [1,2] to realize the reaction of hydrocondensation of methanol with the simpler 
olefins, according to the scheme: 


CH,OH + CH, = CH, ——*(CO + 2H; C,H, = (CH, + H,O + CH, = CH.) —*CH,CH = CH, 1:0; 
CH,OH + CH,CH = CH, (CO + 2H, + CH,CH = (CH, + 1,0 + CH,CH = CH) 
——> CH,CHK,CH = CH, + ete. (2) 


The same reasoning would apply to ethanol, under such conditions [5] of catalyzed decomposition as in the 
reaction: 


CH,CH,OH —*(CH;CHO + CO+*+ th + CHy (> 
j.e., with formation of carbon monoxide and hydrogen, ; 
Hydrocomdensation of ethylene with ethanol would accordingly proceed as follows: 
CH,CH,OH + CH, = CH, + Hy —* (CO + CH, = CH, + (CH, + H,O CH, = CH, + CH) 
—> CH,CH = CH, + H,0 + CHy CH,CH = CH, CH;CH,OH + Hy (CO ¢ 2H, + CH,CH = CH, 
——> (CH, + H,O + CH,CH = CH, CH) ——> CH,CH,.CH=CHh (4) 


The results of the present reseatch do in fact show that both methanol and ethanol exert a condensing effect 
on ethylene-hydrogen mixtures, as well as entering into reaction with ethylene to yield final reaction produces. In 
view of the common features of the mechanism of hydrocondensation of carbon monoxide with ethylene and of 
methanol or ethanol with ethylene, we must accept the intermediate formation from the alcohols of caibon monoxide 
and hydrogen, and subsequently of methylene radicals, i.e., we must admit the conectness of the reaction schemes 
(3) and (4). 
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EXPERIMENTAL 


The apparatus, the preparation and analysis of the initial and final gases, and-the experimental methods 
applied, were the seme as in our earlier papers [1,2]. The methanol used boiled at 64,4-64.6° at 755 mm, 03°" 
0.7918; 1.3291 (99.8% methanol end the ethanol had b.p. 77.9-78.1° at 755 mm, 0.8086; 1.3630 
(%3. 7% ethanol [S). The initial ethylene -hydrogen mixture was passed at a constant speed through a vertical 
gtaduated tube filled with methanol or ethanol, befo:e entering the catalysis tube. It was thus possible for each 
experiment to measure the amount of alcohol carried elong with the stream of gas into the reaction space, 
Unreacted alcohol condensed together with reaction products in the receiver at room temperature and in that 
cooled at-80°, where it was found in the aqueous alcoholic layer. The amount of alcohol which had entered 
into the reaction was taken as the difference between the amount passed and that recovered, 


For experiments ‘with methanol the amount of unreacted alcohol was derived from the density [6) and the 
amount of the aqueous alcoholic layer of reaction products, which contained only insignificant admixtures of 
other oxygen-containing substances which could affect the accuzacy of this determination, In the case of ethanol 
this layer contained up to 2.5 v/v of acids (counted as acetic acid), as was shown by direct titration with 0.1.N 
caustic soda solution, as well as up to 4.2% of aldehydes (counted as acetaldehyde). The aldehyde content was 
determined by adding hydroxylamine hydtochloride and tiuatirg the hydrochloric acid liberated in the reaction of 
oxime formation. in view of the presence of these admixtures the deteimiration of the amount of unreacted 
alcohol was effected as follows. The acids in the aqueous alcoholic layer were exacuy neutralized by adding the 
appropriate amount of alkali, and the aldehyde was bound by boaling the neutral solution for 5 hrs under reflux 
with freshly precipitated mercuric oxide (prepa-ed fom equimolecula: amounts of mercuric chloride and sodwum 


hydroxide [7}. The solution was then distilled untal all the alconol had passed over, and the alcohol content of 
the distillate was derived from its density [6} 


1. Hydrocondensation of methanol with ethylene 
The results of the experiments with methanol and ethylene are given in Tables 1-4, 


The experiments were conducted at 200°, using five specimens of catalyst (contacts 37, 38, 39, 40 and 41) 
in about 15 g portions in layers 40-45 cm long, in a glass tbe 10 mm ia diameter. Contacts 37, 38, and 39 were 
taken for the reaction after having previously been used in experiments on hydrocondensation of carbon monoxide 
with ethylene, involving mixtures of ethylene and hydiogen containing 5% of carbon monoxide (experinents 191, 


193, and 196), Contacts 40 and 41 were taken freshly prepa-ed for the reactions of hydrocondensation of methanol 
with ethylene, 


Table 1 presents for each experiment its duration in hours, the percentage compcesition of the initial and 
final gases, the flow velocity of the initial gas in liteis per liter of catalyst per hour (1/1/hr) the amount of pure 
methanol passed, in grams, and its flow velocity in 1/1/hr (referzirg to the liquid alcohol). 


Table 2 gives tse percentage composition of the “theo.ercal initial gas". it is assured that hydrocon- 


densation of methano} w th ethylene proceeds according to scheme (2), f.e., with p.evious decomposition of 
methanol according to reaction (1), to yield carbon monox:de and hyd-ogen. For this reason the “theoretical 
initial gas” consists of the initial gas (CyHg + H,) and of the gas (CO + Ky) which should be formed by the total 
decom position of all the reacted methanol according to reaction (1). Table 2 also gives the percentages of 
methanol entering into the reaction, as well as, for a number of exper’ments, of ethylene, hyd:ogen, and carbon 
monoxide entering into the composition of the “theoretics] gas” (as percentages of the initial component). 
The fraction of ethylene which had undergone conversion into etnane 1s also given in this Table. 


Table 3 gives the yields of heavy oil, light ou], and Gasol (Cy snd C,), and the total yield of condensate 
(not counting the aqueous layer), in ml per m® of “theoretical init.sl gas®. The molecular p-oportions of 
methanol, hydrogen, and ethylene entering into the hvdrocondensztion zeaction are giver fo: some of the experi- 
ments. It is evident that the pact of the reacted meu:1i.o! which ente-ed irto the hydrocondensation reaction is 
expressed by the fraction of :eacted carbon monos'de ir the "tre etical inieisl gas®, irasm-—ch as the actual 
initial gas did not contain any Tre -moznr of ca-dor. in ne final gas iepsesents that 
part of the methanol which had decomposed acc9.ding "0 -eact.on (1), Dut had aot entered into reaction (2). The 
fractions of reacted ethylene which had ente:ed ‘he tesction can be derived by subtracting 
from the total amount of ethylene ot nydrogen wi fed en eed the ovesall cesction that part which had 
been used in the hydrogenation reaction with fo-mation of e*nane. 
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TABLE 1 
a Duration | Composition of the Volume ‘Composition of final Methanol Volume 
No, !No, of expt. | initial gas, % ‘velocity gas, % introduced ‘velocity of 
i in hes, Hy CO Wi/hr Hy 'CO 
42.8 | .: 26.5 3.1 
40.6 | 0.0 


17.9) 5.5 


36.0 62.3 | 37.7; 0.0 


200 ; 16.7 60.4 39.6 | 0.0 ( : > 6.41 
201 | 10.0 61.8 | 38.2; 0.0 : 4.41 
202 | 15.0 10.7 | 29.3] 0.0 : 6.85 


TABLE 2 


Expt. Composition of “theorctical initial gas", %) ; Reacted, % Yield of % by wt, of 
No. Hg co Volume 1 as methanol 
velocity reacted reacted 
1/1/hr 
191 - - i 95.5 92.7. 94.2 44.2 
192 46.1 : 81 97.2 81.3 81,8 j47.6 


73.0 100.0 (27.0 


11.9 66.9 


86.4 65.5 .47.9 
88.4 16.7 58.0 


200. 460 462 72.9 97.0 91.0 93.12 222 92.0 


2 95.6 86.3 87.8 55.2 76.1 
202 55.30 | 375 - - |- 59.1 


As is evident from Tables 1-3 hydrocondensition of methanol with ethylene proceeds at the fresh 
catalyst surface (contacts 40 and 41, experiments 199-202) as well as at surfaces which have previously been 
used in experiments with carbon monoxide (contacts 37,38, and 39, experiments 192, 194, 195, 197, and 
198), When the methanol entered the reaction tube with a volume velocity of 0.01-0.02 60-90% of it took 
part in the overall reaction, As is shown by the fraction of reacted carbon monoxide in the “theoretical 
initial gas", from 68 to 100% of the methanol entering into the reaction undergocs hydrocondensation with 
ethylene, and 0-32% remains in the final gas as ca:bon monoxide, formed by reaction (1). A “theoretical 
initial gas” being delivered with a volume velocity of 70-90 contained 46-57% of ethylene, 35-47% of hydrogen, 
and 5.7-8.8% of carbon monoxide, Of the ethylene 69-99.5% entered into reaction, and from 22 to 65% of the 
reacted ethylene underwent hyd-ogenation to give ethane. The molar :auos of methanol, hydrogen, and 
ethylene entering into the hydzocondensation reaction were on the average as 1:3:5, and these ratios are 
close to the corresponding ones for the reaction of hydrocondensatnon of carbon monoxide with ethylene 
(compare experiments 191 and 192). The total yicld of condensate (not counting reaction water and 
unreacted alcohol) was 306-500 ml per m3 of “theoretical initial gas", or 25-30 ml /1/hr., which fs also 


— 
3 
* 
39 196 20 63.5 | 313:5.2 10 - - le ‘e- - 
1198 11.5 | 70.3 | 29.7100 $8 26.7 12.6,5.6 : 491 | 0.08 
40 14.0) 5.0 {65.6 15.20 0.015 
| 0.02 
0.02 
| 
198 + 56.6 36.9 65 ‘12 59.9 
199 41.5 44.7 1.8 84 80.6 
=" 
ae 
ra 
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TABLE 3 
Expt. Yield, Yield (t + 1 + 9) Molecular proportions of 
No. Heavy oil, Light oil mi/m mY ; CO for CH,OH) entering 
(9 Q) : into the hydrocondensation 
reaction: H,:C.H 

1:3.3:5.7 

1% 1:3.2:5.2 
4 


| TABLE 4 : close to the yields of condensate 
Fraction Yield % Bromine % of obtained by hydrocondensation of 
by vol, | . . ™D number unsaturated carbon monoxide with ethylene, at 
hydrocarbons corresponsing conct ntrations of carvon 
B.p. below 150° | 67.2 | 0.6893 1.3925 107 67 
Residue 17.3 | 0.8043} 1.4208; 19 § = (2). Some of the properties of the 
individual fractions of the oily 
| products of hydrocondensation of 
methanol with ethylene are given in Table 4. They are closely similaz to the properties of the corresponding 
products of hydrocondensation of carbon monoxide with ethylene, 
TABLE 5 


No. of expt..CgHg | Hy .CO «Volume Hy CO 44 introduced, velocity of 
inbr. ' velocity ethanol 
1/1/hr 1/1/hr 


44 213 15 44.2 55.8 0.0 103 2.0 37.9 232 57.9 26.4 0.11 
214 15 46.1 53.9 0.0 108 
215 15 57.2 42.8 0.0 112 


1.1 368 1.1 #61.0 19.4 0.06 
12.5 ° 19.7 3.1 64.7 16.8 0.07 aes 


! 


‘41.3! 0.0} 62 
49.1; 0.0 59 
| ! 

* The final gas of experiment 216 also contained 2.7% CQ). 

°° The final gas of experiment 217 also contained 1.5% CO. 


4.5 17.1 2.0° 13.7 12.0 0.04 
4.5, 14.9, 1.5°° 77.6 6.8 0.05 


2. Hydrocondensation of ethanol with erhylene 
“She results of experiments on the hyd:ocondensatior of ethanol with ethylene a7e given in Tables 5-7. 


The experiments were conducted for methanol, at 200°. Two specimens of catalyst were taken 
(contacts 44 and 45); the experiments were dore w'th previously unused catalysts, The data of Tables 5,6, and = 
1 correspond to those of Tables 1, 2 ard 3 for methanol, 7 


Catalyst Expt. Duration Composition of the initial gas7,Comp.of final gas, in % : Ethanol Volume 
942 


Pan 
199; 44.1 102.4 209.0 355.5 | 30.0 1:2.5:3.0 aioe 
Sigh 
200 . 50.2 104.4 {| 172.0 326.6 29.0 
tha 
| 
4 


wield of 
as 
of reacted 


213: 248 46.0 
214; 29.9 46.7 11.7 11.7 70.9 
215 | 424/404 86 8.6 


Yield (teleg 


ze | Bromine ha of unsaturated 
h 


number bons 


m1/m?® Im1/1/ hr. 


We assume that the hydrocondensation of ethanol with ethylene proceeds according to scheme (4), ¢e., 
with preliminary decomposition of ethanol according to reaction (3) givang cazbon monoxide, hydrogen, and 
methane. For this reasan the “theoretics! initial gas* cons:sts of the initial gas (C,H, + Hy) and of the gas which 
should be formed as a result of reaction (3) from that amotnt of ethanol represented by the difference between 
alcohol introduced and alcohol recovered unchanged or as acetaldenyde and acetic acid. The yields of conden- 
sate given in Table 7 are calculated on “theoretical im:tial gas® taken. the volume of m«:).ane formed being sub- 
tracted. ‘ 


The data of Tables 5-7 show that hydrocondensation of ethanol with ethylene takes place. 58.3-72.6% 
of the ethanol entering the reaction zone with a flow velocity of 0.04-0.11 entered into reacnon. As is shown by 
the ratio of reacted carbon monoxide inthe “theoretical intial gas", 88-97% of the ethanol which enters into 
reaction takes part in the hydrocondensation reaction, and eniy 3-12% of it -ema:ns in the final gas as 
monoxide, which may have been formed by reaction (3). As appears from Tabte 6. the "theoretical initial gas® 
had the composition: ethylene 25-42, hydrogen 39-47, carbon monoxide 915. ard methane 9-15%. 90-90% of 
the ethylene entered into reaction, and 18-57% of th:s amo-:nt was hydrogenated to ethane. The total yield of 
condensate (not counting the aqueozs atcoholic layer) was 208-246 ml pes m? of “theozetzcal znitiel gas* (sub- 
tracting methane), or 17-35 ml/1/hr. 


Some of the prope-ties of the indiv:dsal oily fractions of -he p.oduct of hydrocondeasation of ethanol 
with ethylene are given in Table 8. The somewhat high vatze: fo_nd for the density. and the iow values for 
the refractive index of the fraction of b.p. below 150° are dve to p-esence of oxygen-containing products, as is 
confirmed by boiling the fraction with sodium for 3 heucs, afte. wrich “ne density becomes 0.7066, and the 
refractive index 1 3862. . 


SUMMARY 


1. Similarly to ca:bon monoxide, methanol and echa”ol promore eaction of condensation of ethyl- 
ene and hydrogen. and at the same time enter into the tivd_ocondensstion resctuon with ethylene. 


2. The total yield of condensate (not counting water and unieacted slcoho)) amounts to 17-35 mi) per 
liter of catalyst per hour. . 


3. The experiinental sesults confirm the view thet the proces. wivolves the p:eliminary decomposition 


No. of Composition of “theoretical initial gas", % racted, ae 
experi- i 
216 39.2 138.6 12.2 9.4 4.8 32.3 71.6 
217 32.6 | 43.4 12.0 12.0 94.8 | 86.8 95.2 57.0 69.0 
TABLE 7 | TABLE 8 
Yield, mi/m Yield 29 
Mises 4 No. of | Hea Light F by vo} ‘ eo: 
experi-| off | ou | 
150° 80 .0.7124]1.3830; SS | 38 
ae 213 11.7 | 87.4 | 128.1] 227.2 | 35.4 b.p. 150- | : we 
214 6,2 68.2 161.2] 235.6 | 34.5 210° 11.6 (0. 241.4239; 36. 30 
21s | 0.0 137.4 | 209.0] 246.4 | 34.0 Residue, | 
| 217} 26.0 [104.0 | 78.0} 208.0 | 17.0 | 
| 
ad 
=" 


ie 


of the alcohols, with production of carbon monomide and hydrogen, which then, through the intermediate stage of 
formation of methylene radicals, enter as usual into the reaction of hydrocondensation with ethylene, 
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| SYNTHESIS AND PROPERTIES OF TETRAPROPYLMETHANE, 
TETRABUTYLMETHANE, AND TETRAHEXYLSILANE 


A. D. Petroy and A. Chernyshev 


The tetraalkylmethane series has been insufficiently studied. Its first member, tetramethylmethane, was 
obtained by Lvov [1] in 1870, by the reaction: * 


Cie 
Hy CH;,- 


This hydrocarbon was next prepared by a Grignard synthesis (2), but Morgan (3) was unable to prepare 
_ the second member, tetraethylmethane, by this method, and had to use Lvov's method for the purpose. Karrer 
and Ferri [4) attempted to prepase tetra-n-butylmethane by this same method, notwithstanding that Vagner [5) 
and Pavlov (6) had pointed out the ten’ xy of the higher zinc alkyls to decompose with formation of olef m:e 
hydrocarbons and with reduction of the tertiary chloride by the reaction: 


Zn(R) ZnRCI + RH 


As we showed in our preceding paper [7], Karrer and Ferri actually obtained tibuty]lmethane, which they 
mistakenly identified as tetrabutylmethane. In the same paper we described the synthesis of teu apropylinetiane 
by reactions (1) and (2): 


Cs 
Cs Cs 
=C 
C-C-C-Cx + MgBrCK,-CH = CK 
c-c =C 
c-C =C Cs 


The yieid obtained by 1eaction (1) was 10%, and by reaction (2) 30%. 


The snixture of products obtained by reactions (1) and (2) was subjected to hydrogenation. ‘the hydro- 
genation product was Jistinguished by its very low freezing point, which led us to suspect that tettapropylmethane 
is obtained only by reaction (1), and that in zeaction (2) a hitherto unknown :eaction of isomerization of the alkyl 
halide with double bonds in the y-position takes place, analogo.s to the allyl rearrangement: 


c-c-c 
C =C-C-CX —*C-C=C-CX 
c-c =¢ c-c=Cc X 


In this esearch we sepeated reaction (2), and by oxidation of the product of synthesis (a-methylvaleric 
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acid and methy! propyl ketone were Isolated and sdenufied) we showed that this assumption was correct, ard 
that hydrogenation of the product of reaction (2) gives 4-methyl-6-pcopylnonane, not tetrapropylmethana, 


In view of the low yield of tétrapropylmethane by reaction (1) we investigated the reaction of conden- 
sation with CsMgX, with a saturated alky) halide (a) at elevated temperatures and (b) in presence of the con- q 
densing agent HgClg. We applied these findings to the synthesis of tetrabutylmethane, which has not pre- 
viously been described. We were not, however, able to obtain tetrehexylmethane, partly because of the instab- | 
ility of the halohydrin of wihexylcarbinol, and partly because with increase in the length of the radical B of 
MgRX a form of decomposition anafogous to that found for zinc propy! oz butyl takes place. As a result we ob- 
tained only wihexylmethy] chloride and the olefin produss:' by elimination of HCI from it. 


We then, bearing in mind Whitmore’s remark, that “the synthesis of readily available silanes with 
quaternary silicon atoms may serve in place of their much more difficulty preparable carbon analogs for 
the elucidation of the properties of such structures”, turned to the synthesis of tetrahexyl- and tetraoctyl- 
silane. We here bore in mind the closeness of the boiling points and the densities, but not the freezing 
points, since Bygden (9) has shown that hexamethyldisijane freezes at 12°, while the f.p. of its carbon analog 
is at 100°. The physical constants of she hydiocarbons prepared by us, and of their structural analog terrahexyl- 
silane, are given in Table 1. 


TABLE 1 We were able by the action of 
Physical constants of some tetraa)kylmethanes and silanes CgHysMg®r on SICl, to obtain only 


tetrahexylsilane was 
pared by heating SiCl, with LiC,Hjs at 
90°. Tetraoctylsilane could not be ob- 


Pressure 
mm 


Freezing} Boiling 
point 


Compound 


Tetrapropylmethane; ~26 6042 ° 6 11.4322 0.7706 tained by the latter method, the product 
Tetrabutylmethane | — 6 103-104 6 {1.4440 (0.7835 being Thus differs 
Tetrahexylsilane —30 178-179 H 5 1.4532 .0.8144 from LiCgHjg when heated at 90° with 


SiCl, in that only three of the chlorine 


rtoms are replaced, evidently owing to 
the considerable steric hindrance developed by the larger radical. 


EXPERIMENTAL 
1. Tetrapropylmethane was obtained by the condensation of the chlorohydrin of tripropylcarbinol with ae ; 
propyl bromide in presence of Mg. The chlorohydrin was prepared by saturating the carbinol with dry HCl at O°; ae 


yield 63%. 2,2-Dipropylbutyl chloride has not previously been described; it boiled at $4-56°/7 mm, nd 1.4378; 
dy’ 0.8676; found MR, 53 38; calculated MRp 53.24. 


Found %: Ci 19.58; 19.67 
CygHy,Cl. Calculated %: Cl 19.85 


The condensation reaction was conducted as follows. The Grignard reagent was prepared in the usual 
way from % g of propy! bromide, 18.5 g of magnesium, and 200 ml of absolute ether. 3.5 g of mercuric chlar- 
ide was added, followed by 68 g of tripropyimethyl chloride, added drop by drop during 8 hou:s at 20-25°, and 
the reaction mixture was left over night, after which it was boiled for 2 hours, and treated with 10% HCl. The 
ethereal layer wes dried with NagSO,, and the ether was distilled off on a water-bath. The residue was fractionally 
distilled in vacuo, giving two fractions: Frection I, 34.5 g, b p. 33-35°/6 mm, nz? 1.4374, d° 0.7682, was 4- 
propylhept-3-ene, produced by elimination of from the chioride; publashed constants [10] are b.p. 166-162°/ 
734 mm, ny 1.4386. 


Fraction II (12.0 g), b.p. 60-62°4 mm, was tetrapre pylmethane. It was treated with concentrated H,SO,, 
water, sodium carbonate solution, dried, boiled with Na, and zedisrilled, giving 9.2 g, b.p. 60-61°/6 mm., nD 
1.4322, 0.7706, m.p. -26.5°, calculated MRp 62.23, found MRp 62.07, yield 12.7% 


Found %: C 84.30; 34.30; H 15.30; 15.10 
Calculated %: C 84 66 


The saine method was applied in « different variant, as follows, The ether was distilled off from the 
Grignard compound, an equivalent amount of isooce’ sane was added, followed by tripropylmethyl chloride at 
80-90°; the yield of tetrapropylmethane was 11.5% Alsogether, 15 g of tcrrapropylmethane was prepared, 


tA; 


ff 


q 
: 
29 20° pe 
Ce 
| 
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2. _Tetrabutylmethane. Tributylmethyl chloride was prepared by saturating the with HCl at 0° 
(10% yield). It has not previously been prepared; its constants are: b.p. 102-10377 mm, n D 1.4465, 43° 0.8744, 
found MRp 66.70, calculated MRp 67.09. 


Found %: Cl 16.23; 16.08 
CygttgxCl Calculated %: Cl 16.22 


According to the first variant of the synthesis of tetrabutylmethane the reaction was conducted under the | 
same conditions as for tetrapropylmethane, giving a 22.4% yield. When the reaction was conducted at higher 
temperatures (80-90%), without the addition of mercuric chloride, the yield was 13.5% According to a third 
variant the ether was distalled off from the Grignard compound, lsooctane and 2-3 g of mercuric chloride were 
added, the mixture was warmed to 80-90°, and tributylmethyl chloride was gradually added, giving a 17% yield 
of nag pape Altogether 18 g of tetrabutylmethane was Obtained, b.p. 103-104°/6 mm, m.p. -6°, ny 
1.4440, d° 0.7935, found MRp 80.48, calculated MRp 80.68. 


Found %:C 84.88; 85.03; H 15.02: 15.01 
Calculated %:C85.00 H 15,00 


3. Attempted synthesis of tetrahexylmethane, Tri-n-hexylcarbinol and tri-n-hexylmethy] chloride were 
synthesized as follows: they have not previously been prepared. A mixture of 350 g of n-hexyl bromide, 170g . 
of ethyl oenanthate, and 350 ml of absolute ether was added drop by diop to 48 g of magnesium in 350 ml of 
absolute ether, at 20-30°, the mixture was left overnight, boiled for 2 hours, and poured on ice. 10% HCl was 
then added, and the ethereal layer was dried with NagSO,g. The ether was distilled off, and the residue was 
twice distilled, collecting the fraction of b.p. 153-154°/4.5 mm; yield 80.5 g (33%), b.p. 153-154°/4.5 mm, 

njy 1.4496; 0.83€5; found 91.17; calculated MRp 91.46. 


Found % C 80.11; 80.26; H 14, 03; 14. 29 


Calculated %: C 80.28; H 14.08 
ia ne was saturated with dry HC) at 0°, and the product was washed a few times with ice-water, 
and residual disso’ved 1c] was removed by bubbling nitrogen through it. The chloride could not be distalled, as 


it decomposed, ea copious evolution of HCl, when heated at 70-80°/3 mm. The undistilled tihexy!mecthyl 
chloride, yield 83%, had the following properties: ny 1.4530, d§° 0.8661. found MRp £4 40, calculated MR, £4. 80. 


Found %: Cl 10.94; 10.74 
Cl: Calculated Th: Ci 11.78 


All further operauons were performed with undistilled chloride. 


Three attempts were made to synttiesize teuwahexylmethane, by adding trihexylmethyl chloride to mag- 
nesium hexyl chloride in presence of small amounts of mercuric chloride at 40°, 20°, and 0°. The reaction was 
also attempted at 10°, in presence of 1 mole of mercuric chloride per mole of hexyl bromide, and at 65°, in 
absence of mercuric chloride. In all cases the sole product was 7-hexyltridec-6-ene, being the product of elimina- 
tion of hydrogen chloride from wihexylmethyl chloride; not even a trace of Ss caiecitdadinds was formed. At- 
tempted cendensation of tihexylmethyl chloride with butyl bromide gave the same result 


1-Hexyltridec-6-ene has not previously been described. It has the following properties: b.p. 149-150°/ 
5.5 mm, freezing point -80°, nD 1.4490. 44° 0.7957, found MRp 89.66, calculated MR, 89.47. 


Found %: C 85.62; 85.57; H 14.40; 14.35 
CisHyg. Calculated C 85.71; H 14.29 


4. Tetrahexylsilane was prepared by the action of silicon tetrachloride on excess of hexyl-lithium. 
The lithium-organic compound was prepared frorm 216 g (1.3 moles) of hexyl] bromide and 18.3 g (2.62 moles) 
of lithium, in ether, and 18.5 g (0.109 moles) of silicon tetrachloride was added, cooling the mixture in ice. 
It was then stirred for 2 hours at room temperature, the ether was distilled off, and the residue was heated at 
90-100", with stirring, for a further 5 hours, after which it was left over might. It was then treated with acid, in 
the usual way, and shaken with ether, the cthereal layer was washed and dried, the ether was distilled off, and 


the residue was washed with concentrated H,SOg sodium carbonate solution and water, dried, and vacuum dis- 
tilled, giving two fractions: 


Fr. 1, b.p. 178-179°/5.0 mm., 12g 
Fr. 1, b.p. 223-225°/4.5 mm., 16.5g 
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Fraction I consisted of tetrahexylsilane, b.p. 178-179°/S mm, m p, - 30°, nip 1.4532, dg? 0.8144, 


found 3iRp 7.01, yield 30%. : 
Found % C 78.71; 78.74; H 13.93; 13.93; Si 7.26; 7.14 
gSt. Calculated %: C 78.26 H 14.13; Si 7.60 


Fraction was hexahexyldisiloxane,S.p. 223-225°/4.5 mm, 1.4547, 43° 0.8398, found 
SiRp 6.9, yield 26%. 


Found %j: C 74,12; 14.59; H 13.45; 13.60; Si 9.75; 9.32 
CyphtygS40. Calculated %: C 74.23; H 13.40; Si 9.62 


An attempted synthesis of tetrahexylsilane from magnesium hexyl-bromide and tetraethoxysilane did 
not give the expected product, even when the reaction mixture was boiled in paraffin solution at 170-180° 
for 15 hours. After the usual treatment of the reaction mixtwe the fullowing two fractions were obtained: 


Fr. 1, »b.p. 150-152°/4.5 mm 
Fr. Il, b.p. 223-226°/4.5 mm 


Fraction 1 was found to consist of ethoxytrihexylsilane, yield 40%, b.p. 150-152°/4.5 mm, nb 1.4462, 
0.8298, found SiR, 7.1, 


Found %: C 72.73; 73.09; H 13.61; 13 48; Si 8.14; 8.16 
CopHgSiO. Calculated %: C 73.17 H 13.41 Si 8.53 


Fraction I] was hexahexyldisiloxane, yield 10.7%. The product obtained when tetraethoxysilane was 
taken instead of silicon tetrachloride was hexahexyldisiloxane, in 56% yield. Tetrahexylsilane was not ob- 
tained. 


5. Attempted synthesis of tev-soctylsilane. The reaction was conducted under the same conditions, 
and taking the same molecular proportions of reagents as in the preparation of tewahexylsilane through the 
lithium-organic compound. Although tetrahe»yisilane was thus obtained in 30% yield, tetraoctylsilane was 
not produced at all, The final product of the reaction was. found to be hexaoctyldisiloxane, in 47% yield, 
b.p. 320-222°/8 mm, nf} 1.4575, dg” 0.8427, found SiRp 6.9. 


Found %: C 76.37; 76.24; H 13.49; 13.51; Si 7.26; 7.30 
Calculated %: C 76.50 H 13.60; Si 7.41 


SUMMARY 


1. Tetrapropylmethane and tetrabutylmethane, which have not pr<viously been prepared, were ob- 
tained by a modified Grignard-Wirtz synthesis. 
2. We were not able, because of the instability of trihexylmethyl chloride, to achieve the synthesis 
of tetrahexylmethane under the given conditions. 


3. Tetrahexylsilane, which has not previously been described, was prepared from SiClg and LiCgHyg. 
The analogous reaction with LiCgHj,y did not proceed beyond formation of (CgH,3)3SiCL 
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BEHAVIOR OF y-HALOGENODIALKENYLS IN THE GRIGNARD-WURTZ SYNTHESIS 


A. D. Petrov, M. A. Cheltsova, and E. A. Chernyshev 


The literature gives only very scarity tndleations relating to the application in magnesium-organic 
syntheses of halogendialkertyls with a double bond in the a-position relative to the halogen. One of the 
earliest papers dealing with this problem is that of Krestinsky [1}, who showed that the action of magnesium 
on isocroty) bromide gave only a very small yteld of Grignard reagent, large amounts of isobutylene being 
‘evolved. With acetaldchyde, magnesium isocroty] bromide gives the appropriate secondary alcohol in 14% 
yield only, and with isocbutyraldehyde in 15.8% yield. He also prepared the Grignard reagent from the seo- 
ondary halogenoalkenyl 3-bromo-2-methylbut-2-ene, and shoved that it reacted with acetaldehyde to give 
the desired alcohol, although he does not state in what yield. The Grignard reagent could not be obtained 
at all from vinyl bromide and magnesium, from which a quantitative yield of ethylene and acetylene was 
given. Kogerman [2} was also unable to prepare magnesium vinyl bromide. In studying the Grignard syn- 
thesis of penta-1,4-diene from allyl] bromide and vinyl bromide he found that the desired diene was obtained 
in small yield (15%). nly when magnesium-copper alloy was used. Kirnman {3} obtained the magnesium- 
organic compound from 1-bromohept-l-ene, in 25% yield, and by teating it with water he obtained hept-l- 
ene, ina yield of 20% calculated on the amount of bromide taken. 


Karash and Fuchs have recently obtained a series of hydiocarbons in good yield by the reaction of 
vinyl bromides with magnesium phenyl and benzyl bromide in presence of the salts CoCl,, CuC},, and CrCl, 
(4). Without these salts, however, the reaction either did not proceed at all,-or only very small yields (Jess 
chan 5%) were obtained. These data provide support for the view that the presence of a double bond in the 


-position to the halogen causes considerable lowering of the reactivity of alky! halides in the Grignard syn- 
thesis. 


On the other hand, the presence of a double bond -in the B-position to the halogen considerably aug- 
ments the reactivity of alkenyl halides; thus Levin [5] obtained a number of branched-chain olefins in yields 
of over 30% from 1,1,3-trimethylbutadiene hydrobromide and RMgX, whereas saturated alkyl halides of the 
same structure do not enter into the Grignard-Wurtz reaction at all, Young and Roberts [6] showed \>at pri 
mary and secondary alkenyl B-halides give even higher yields, of the order of 80-85%, in the Grigna:d and 
Grignard-Wurtz reactions. However, the use of alkenyl B-halides for the Grignard synthesis of individual 
hydrocarbons and alcohols is complicated by the circumstance that they tend to isomerize, with shift in the 


position of both the double bond and the halogen, either during distillation of the alkenyl halide, or in many 
cases during the actual reaction. 


Only a few papers have been-published on the use of alkenyl y-halides. Schinz and Simona [7] ob- 
tained the desired alcohol in 26% yield from 5-bromo-2-methylpent-2-ene 2nd a-methylacrolein, and they 
showed that the saturated bromide of the same structure gave higher yields than this. Goethals [8) obtained 
the magnesium-organic compound of S-chloropent-2-ene which with acrolein gave octa-1,6-dien-3-ol, in 50% 
yield. The comparatively high yields of alcohols obtained in the last two cases may be due fo the circum- 
Stance that primary y-halides were taken, but chieily because the synthesis was performed with active car- 
bonyl compounds with a double bond in the 8-position to the carbonyl group. 


The behavior of primary, secondary, and tertiary alkenyl y-halides in the Grignard-Wurtz reaction 
has not yet been studied; it is the subject of the present communication. 


We took 4-bromobut-l-ene, 4-dromopent-1-ene, and 4-bromo~i-methyl-pent-l-ene, and we found that 
these primary, secondary, and tertiary alcohols do not enter into the Grignard-Wartz reaction. 4-Bromopent- 

l-ene is recovered unchanged wher taken for :eaction with CHyMgB-, with only a litle splitting off of 
HBr. 4-Bromopent-l-ene similarly does rot react with CH,--CH-CH,Mg®, whereas with the corresponding 
saturated secondary halide (taken as a Grignard teagent) and allyl bromide tne pioduct was 4-methylhept-1- 
ene; 4-bromo~4-methy] p-1-ene also did not react with CHyMg3:. The same tesult was obtained with 4- 
chloro-4-methylpent-l-ene instead of the bromide, and Zn(CHy), instead Of CH, MgBr. The magnesium-or- 
ganic compound given by 4-bromo~t-inethylpent-l-ene similarly did not :cact with methyl bromide, or 
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even with so reactive an alkenyl halide as-is allyl chlotide, Yet CH;MgBr reacted with the satusated bromide of 
the same structure (4-bromo~t-methylpentane), giving 2,2-dimethylpentane in 15% yle 


Magnesium y-buteny] bromide did not react with tibutylmethyl chloride, while magnesium butyl bro- 
mide gave tetrabutylmethane in 15%-yield under the same conditions. 


We have shown In am earlier paper that a condensation product fs obtained from 4-bromo~4-methyle 
hepta-1,6~diene and magnesium propyl bromide [9], and hydrogenation of the diene so obtained should be exe 
pected to yield tetrapropylmethane., However, the low reactivity of alkenyl y-halides in Grignard-Wurtz re- 
actions, and the very low freezing point «<< -70°) of the product of hydrogenation of the diene (the freezing 
point of tetrapropylmethane obtained by a different method 13 -26°), obliged us to suppose that a hitherto un- 
known y -tearrange ment of the unsaturated alkyl y -halide has here taken place, 


: The present paper describes a repetition of this reaction, with oxidation of the condensation product; 
formic and methylvaleric acid and methyl propyl ketone were identified among the oxidation products, show- 


ing that the following rearrangement must have taken piace either during preparation of the bromide or during 
the condensation reaction: 


c-c-c 
C=C-C-C-C-C=o 
c-c-c 


| 
Methyl propyl ketone was.evidently obtained by the reaction: 


Co, + C-C-c-C-C 


A study of the oxidation of 4-bromo-4-methylpent-l-ene showed that this tertiary halide only to a small 
extent undergoes isomerization to B-halide, the formation of which is a result of isomerization of the allyl to 
“ the propenyl radical, Among the products a oxidation with 1% aqueous KMnO, were found 8-methyl-B-butyro- 


lactone, formic acid, acetone, and lactic acid, of which the first two products were obtained by hydrolysis and 
oxidation of the non-isomerized substance 


Cc 
# i 2; | 
Br OH 


Acetone and lactic acid could only have been formed by oxidation of the y rearrangement product: 
Cc oO 


| il 
=C-C = C-C-C —> C-C=C-C-C ¢-C-c + 
Br Br G Br d bu H 


Acetone could have been obtained by oxidation of the product of elimination of HBr from the bromide, 
dut this could not have taken place under the conditions of the oxidation reaction; it takes place only after 
several hours of boiling of the bromide with strongly alkaline solutions (10). 


The small degree of isomerization of the allyl into the propeny) radical was evidently not augmented 
by the action of the Grignard reagents on this bromide, and this was the reason why this halide was not, ia 
contrast to 4-bromo~t-propylhepta-1,6-d:ene, able to enter into the Grignard-Wurtz reaction. 


A stronger tendency towards isomerization of allyl to propenyl radicals in presence of Grignard reagents 
{s observed as the number of aliyl groups in the bromide molecule Increases, as in the cases of 4-bromo-~4-methyl- 
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pent-l-ene and 4-bromo-4-pronylhepia-1,6diene. This corresponds with the enhancement of this type of 
isomerization observed in the dehydration of allylic alcohols and glycols, We know [11] that tie isomerization 
of allyl to propeny! radicals has never been observed in the dehydration of dimethylallylcarbinol, whereas 
dehydration of 1,1,6,6-tetraallylhexanediol [12) gives 1,1,6,6-tetrapropenylt.:xa-1,5-diene, 


EXPERIMENTAL 


1, Reaction of the Grignard reagent from dimethylallyImethyl bromide with methyl bromide, 120 g.of the 
bromide was added gradually to 16 g of activated magnesium at 10°, and methyl bromide was passed into the product. 


After the usual treatment, and after elimination of the ether, a small yleid of product (3.5 g) was obtained, boiling 
at 70-80°. After hydrogenation it had b.p. 73-80", nj 1.3761, dy’ 0.6684, Owing to its small amount, and to the 
presence therein of Nuorescent admixtures, the product could not be subjected to spectrum analysis, but it seems 
probable from its physica] constants, given above, that it is isohexane, The ethereal distillate contained lsobexene, 
identified as the dibromide, b.p 98-99°, ni} 1.5110; dq 1.5500. 


Found So; Br 66.09 
Calculated %: Br 65.53 


A variant of this experiment consisted in adding 70 g of dimethylallylmethyl! chloride to a Grignard 
compound prepared fromm 24 g of magnesium and methyl chloride. The mixture, after the usual tweatment, gave 
3 g of a product which after hydrogenation had b.p. 70-80°, d3° 0.6672, n{J 1.3765, Le., it was the same as 
obtained in the preceding experiment: 28 g (40%) of chloride was recovered unchanged from the reaction mixtire. 
The process was tepeated in presence of HgCl, as activator. An ethereal solunon of CH;Mg8r was added to 74g 
of.dimethylallylmethylchloride and 10 g of HgClg, and after the usual treatment 13.5 g of the initial chloride 
was recovered unchanged, and a crystalline precipitate was obtained, which rapidly darkened on exposure tw the 
air, and appeared to be a mercury-organmic compound, 4,4-Dimethylpent-l-ene was not obtained. 


2. Reaction of CHsMgBe with 2-chloro-2-methylpentane. “~Chloro-2-methylpentane, prepared “from 
the corresponding alcohol and HCl, had b.p. 110-112°, nye 1.4195. 131 g of 2-chloro-2-methyl-pentane was 
added to an ethereal solution of CHyMgBr prepared from 48 g of magnesium, and after the usual weatment, and 
elimination of unsaturated products, 16 g of a product (15% yield) was obtained. ht had b.p. 78-79°, nh 1.3820, 
0.6730, bromine no. 0, founc MRp 34.5‘, calculatcd for MRp 34 53; spectrum analysis showed the 
presence of 2,2cimethylpzntane only in this fraction. 


This experiment was repeated, taking 105 g of 2-chloro-2-methylpentane and 8 g of HgCl, The same 


product was obtained (12% yield) as in the previous reaction, b.p. 79-80°, aD 1.3820, di’ 0.6727, bromine no. 0. 


3. Reaction of CH,MgBr with 4-bromopent-l-ene. Methylallylcarbinol was prepared as described by Stohr 
(13): it boiled at 115-117°. (Stohr gives 115-116°). The corresponding bromide, prepared under the same condi- 
tions as for dimethylallylmethyl bremide, boiled at 111-112”. nb 1.4520, 1.2417, experimental MRp 32.8, 
calculated for CsH,Br MRp 32.6. The magnesium-organic compound was obtained from methyl bromide and 24g 
of activated magnesium, and 55 g of 4-bromopent-l-ene was added gradually to 1 The mixture was then lefr 
overnight, and was heated at the b.p. of ether for 2 hrs. Aiter the usual treatment 45 g of bromide was recovered 
unchanged; no fraction corresponding to 4-methylpent-l-ene was obtained. 


4. Reaction of CH,=CH-CH,MgBr with 4-biomopent-l-ene. 50g of 4-bromopent-l-ene was added to 
CH,=CH-CH,MgBr, prepared from 60 g of CH,-Cii-CH,B: and 11 g of magnesium (a threefold e>cess), and the 
mixture was kept at 30° for 80 hrs. After the usual] treatment, and after distilling off the ether, the residue was 
distilled, giving a product, b.p. 110-125", nb 1.4510, 43" 1.0653. This f-action appears to corsist chiefly of 
the original bromide, but since the hydrocarbon which might arise in this reaction, 4-methylt-epta-1,6-diene, 
boils within the same range, 110.5-110.9°, the product was teated with alcohohe alkali, in order to remove the 
original bromide. The whole of the residue reacted with the alkali, 4-methylhepta-1,6-diene not being found. 


Reaczion of with allyl bromide 50 g of allyl bromide was added to the 
Magnesium-organic comypound prepared from 60 g of 2-bromopentene end 16 g of magnesium, and the mixture 
was heated for 80 hrs at 30°. After the usual treatment, 3.7 g of a product was obtained, bp 110-113°, ni} 

1.4150, d° 0.7296, and 30 g of allyl bromide was ecovecied (b p. 69-71). Since the density of the product 
obta‘ned by us was ligher than that of 4-methythept-l-ene (the follow:ng cors:ants are recorded for this: 

b.p. 112.6-113°, d2® 0.7183, ny 1.4099 (14), and since it gave a qual:tative reaction for halogen, it was boiled 
with sodium, after which its physical constants approximated closely to those of 4-meihylhept-l-cne (b.p. 112-113°, 
a 9.7191, nb 1.4105, experimental MRp 39.08, MRp calculated for CyHyg 38.68, 1odine no.221.2, calculated 
1odine no. for 226.4, 
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it boiled at 42+47° at 30 mm, 120-12S° at 760 mm, nb 1.4650, d3° 1.2001, experimental MRp 37.97, MRp 
calculated for CgH,, Br 37.21. 


40 g of the bromide was oxidized with 1% KMnOg solution at 0° [15} 80 g of KMnO, being used. The 
solution was steam-distiiled, to remove neutral products. The aqueous distillate was evaporated down toa 
volume of $0 ml, and this was saturated with potash, The oily layer was separated and distilled, giving the 
fractions: 


Fraction L b.p. 58-60° 
Fraction 1, b.p. 60-70° : 
Residue, density > 1. . 


Fractions Land Ml, and the residue, were treated with 2,4-dinitrophenylhydrazine. The fractions gave 
aides ey precipitates, but the residue did not react. The 2,4-dinitrophenylhydrazone given by Fraction J 
selted at 123-124°, mixed m_p. with the 2,4-dinitrophenylhydrazone of acetone 123.5-124.5°. The 2,4-dinitro- 
ydrazone of Fraction meiss at 120°. 


The residue from steam-distillation of the oxidation idiaets was filtered from MnO,, acidified, and 
again steam<distilled. The volatile acids included formic acid (1.176 g), b.p. 103-105°, ab 1.3720, NaOH 
equivalent wt. 88.7, calculated for HCOOH 89.0. 


A small amount of lactic acid was also found, identified by the lodoform reaction, and by analysis 
of its silver salt: 
Found %: Ag 55.22 
C3H;O5Ag. Calculated %: Ag 54.82 


Oxidation of dimethylallylcardinol with 4% KMndO, did not lead to production of acetone. 8,5-Dimethyl- 
acrylic acid (oxidation of which gives acetone) is obtained from (CH,)yCBrCH,COOH only by boiling with phenol 
or KOH [10]. 


Non~volatile acids. The residve after elimination of volatile acids was evaporated down, sin with 
25-30 % sulfuric acid, and extracted with a large volume of ether. The residue after evaporation of the ether 
was fractionally distilled in vacuum, giving the following fractions: 


Fraction I, b.p. 70-7S° at 19 mm 
Fraction Il, b.p 75-78* at 10 mm, d§* 0.9973; n D 1.4430 
C 88.54%: H 8.10%: equivalent 109 


In addition, a crystalline product, m.p.-68-69°, C 59.9% H 1.95%, was obtained; its m.p. was not 
depressed when mixed with dimethylacrylic acid. - 


Fraction I gave a silver salt. Ag 48.96%, calculated for CsH,O,Ag Ag 48.0%. 


Fraction I] is a mixture of hydroxyvaleric acid with valerolactone. Valerolactone and dimethylacrylic 
acid are always formed from the corresponding hydroxyvaleric acid when distilled in vacuum. 


7. Examination of the product of reaction of 4-b:omo~4-propylhepta-1,6-diene with propyl] magnesium 


bromide. Diallylpropylcarbinol was saturated with dry HBr at 80-90°, to give 4-bromo~t-propylhepta-1,6-diene, 
45 g of which was taken with 10 g of magnesium and 50 g of propyl bromide, in boiling ethereal solution, as 
Gescribed in our previous paper [9]. The product (6.2 g , 17% yield) is tridecadiene, b.p, 98-104° at 20 mm, 
1.4454, Cast. 


6 g of tricecadiene was cxid:zed with 1% KMnO, solution, the MnO, was filtered off, and the filtrate 
was made strongly acid and boiled for several hours in order to effect decarboxylation of any B-keto-acids which 
might have beer formed. The solution was then alkalized and steam-distilled, and the distillate was extracted 
with ether, to remove neutral products. The ether was distilled off, and the residue was fractionated; practically 
all of it came over at 98-104* (most of it at 99101°), yield 1.7.g. This was shown to be methylpropyl ketone, 
identified as the 2,4-dinitropheny!hydrazone. m.p. 142°, (published m p. 144° [16), not depressing the m.p. of 
a known, specimen. 


> 6. Oxidation of 4bromo4-methylpent-l-ene, 4-Bromo-4-methylpent-l-ene was prepared from Pir, and 
dimethylallylcarbinol in pyridine at 0°, followed by nsating for 3-4 hr. After washing with water and redistilling 
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The tesidue from steam-distillation was evaporated down and acidified with dilvte sulfuric acid. The 
layer of acidic products forming was separated, and the aqueous layer was extracted with ether. The acidic 
layer was dissolved in the ethereal extract, which was dried, the ether was distilled off, and the residue was 
fractionated, giving 0.4 g of a fraction of b.p. 99-103°, and 2.3 g of a fraction boiling at 191-196° (most of 
it at 193-194'), ny 1.4117, The first fraction gave a precipitate of calomel when weated with mercuric chloride, 
showing. that & was formic acid. The second fraction was a-methyl-valeric acid pecorded constants, b.p. 
192-193.6°, np 1.4136 [17), the silver salt of which was analyzed: 


Found %: Ag 47.88 
Ag. Calculated %: Ag 48.4 


The amide of this acid melted at 77°, published m:p, 78° {17} No other acids were found, It follows 
that 4-bromo-4-propylhepta-1,6-diene does not enrét into the reaction, as could have been expected; its 
tearrangemient product 6-bromo-4-propythepta-1,4-diene reacts instead. The rearrangement may have taken 
place during the synthesis of the bromide, at the temperatures involved,-or it may have occurred during the 
Grignard-Wurw reaction, 


&. Reaction between magnesium bromide and 5-chloro-5-butylnonane. in and 
but-3-en-1-0l were a allowed react under the conditions described by.Juvala [18], to give 


b.p. 97-99°, 1.32473 nb 1.4638; published constants {18}: b.p. 98.5-99° at 758 mm; 1.3230; 1.46215 
8} 


The magnesium-organic compound was prepared from 30 g of butenyl y-bromide and 5.3. g of magnesiura 
in 60 ml of ether. The ether was disniled off at << 90°, aad 36 g of 5-chloro-5-butylnonane was added drop by 
crop during 5 hr at 70-80°, and the mixture was leit ovesnight. It was then subjected to the usual weatment, and 
the ether layer was dred with wn sel The ether was then distilled off, and the residue was vacuum distilled, 
- sole product was that of elimination of HBr from the bromide, viz., S-butylnon-4-ene, b.p: 91-93° at 10 mm, 

4398. Under the : same condiuons busy] bromide and 5-chloro-5-butylnonane give tetrabuiylmethane, in 
fe yield. 


Raman spectrum analyses were performed by M. L Batuev. 


SUMMARY 


1. It has been shown that primary, secondary, and tertiary y halides (4-bromobut-l-ene, 4-bromopent-l-ene, 
and 4-bromo-~4-methy!pent-1-ene) do not enter into the Grignard-Wurtz 1eaction, as the introduction of a double bond 
in the y-position, similarly to its introduction in the a-position to the halogen atom, greatly lowers the reactivity 
of the halides, as campared with that of the coiresponding saturated alky] halides; inwoduction of a double bond 
in the 8-position, on the contrary, enhances reactivity. 


2. It is shown that the earlier observed reaction of condensation of n-C.}/;MgBr with tertiary y -halide 
depended on isomerization of one of the 41) radicals of this halide to a 
propenyl radical, followed by an allyl 1earrangement leading to formation of the corresponding secondary halide 
(6-bromo~t-propylhepta-1,4-diene). 
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RESEARCHES ON ACETYLENIC ALCOHOLS AND GLYCOLS 


PART 2. SYNTHESIS OF MONO- AND D1-ACETALS OF TETRAMETHYLSUTINDIOR 


M. BF. Shostakovsky and A. V. Bogdanova 


The present paper is a continuation of a study of acetylenic alcohols and glycols, which was initiated with 
propargyl alcohol, butindiol, and viny! ethers, and was extended to tetramethylbutindiol, 


Tetramethylbutindiol was studied by Zalkind [1}, who investigated its hydrogenation with various catalysts, 
as well as reactions of addition to its triple bond of pheno} [2] and of methanol and acetic acid in presence of HgO 
and BF, (3). Dehydration of the products of addit'on of phenol and alcolrols gives cyclic products of the furan series. . 
Of the reactions of substitution of hydrogen of the hydroxyl groups of tetramcthylbutindiol only that with alcohols - 
was stucied, lealing to formation of tetrame ethers [4,5], In c¢rinection with this, the preparation of new 
sul stitution products of tetramethylbutindiol was thought to be of interest, 


The synthesis of mono- and di-acetals of tetramethylbutindiol adds considerably to our knowledge of 
compounds of this type, and by varying the nature of the acetyleneglycol, on the one hand, and of the viny] ethers 
on the other, it affords us the opportunity of obtaining different products having a wide range of physical and 
chemical properties. The reaction of tetramethy)butindic 1 with vinyl ethers proceeds as .wHows: 


OQ-—Cit-OR 
CH Hy 
+ CHy= CH-OR —> 
. | Hy 
cH H 
+CH,=CH-OR == c-K 
| CH, 
O-CH—-OR O-—CH-OR 
CH, CH, 


The mono- and di-acetals of tetramethylbutindiol which are formed are of inierest for the study of the 
mechanism of decomposition of substances of this class, due to thermal and other factors. The present paper 
describes catalytic and thermal methods for the synthesis of acetals of tetramethylbutindiol {6} The reaction 
proceeds smoothly, giving good yields of acetals. Certain experimental difficulties were encountered in the 
process of isolating certain of the monoacetals by repeated vacuum distillation, owing to their instability: thus we 
could not fsolate the monoethyl and monoctyl acetals of tetramethylbutindiol altogether free of saturated products. 
Our experiments showed that both the catalytic and the thermal methods of synthesis give both mono- and di-acetals 
depending on the temperature and duration of reaction, and on the amount of catalyst taken. The reaction may be 
interrupted atthe stage of monoacetal production even when excess of vinyl ether is present, 


The structure of the acetals was established by a study of their hydrolysis products. In view of the differences 


in the velocity of hydrolysis of different acetals, the conditions of hydrolysis (6) were varied accordingly (sealed tube, 
temperature, duration, concentation of acid). 


EXPERIMENTAL® 
Reagents used, Tetramethylbutindiol was prepared by Shikhiev by Babayan‘s modification [8) of 


* Senior Laboratory Technician M. & Egorova took part in the work. 
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Favorsky's method {7} from acetone and acetylene, After purification it boiled at 123-123° at 7 mm, and melted 


at $4.5-95.5°. The vinyl ethers were purified by means of the procedure recommended by the Laboratory of Vinyl 
Compounds (9); they had the following constants: 


Vinyl butyl ether; b.n 93 5-94°, 1.4020, 
Vinyl ethy} ether; b.p. 36-36.5°, 1.3775. 
Vinyl octyl ether; b.p. 59-60° at 10 mm, np) 1.4278, 


Preparation of the mono- and di-butyl acetals of tetramethylbutindsol 
Hy 


1. Inan autoclave. 35.5 g (0.25 mole) of crystalline tetramethylbutindiol and 50.0 g of vinyl butyl ethes 


(0.5 mole) were: heated in a 1 iter rotating autoclave for 9 hrs at 96-110°, to give 83 g of a clear quid product, 
vacuum distillation of which gave: 


Fraction I, b.p. up to 76° at 17 mm; 16.0g 

Fraction 0, b.p. 76-136° at 14 mms 22.2 g 

Fraction DL b.p. 136-164° at 14 mm; 32.4g 
Residue 1.58 


Fraction I was vinyl butyl ether, b.p, 93-94°, njy 1.4020. 
Fraction Il deposited 5.6 g of crystalline tetramethylbutindiol, m.p. 92-94°. 


The residue of Fraction I and Fraction III gave two products, one of which had b.p. 121-122° at 7 mm, 
nh) 1.4449; 0.9175; found MRp 69.93; calculated for MRp 69.60. 


Found %: C 69.73; 69.51; H 10.77, 10.90 


City Os Calculated %: C 69.40; H 10.82 
Found M: 249.8; 247.3 (cryoscopically, in benzene) 
Calculated M: 242.35 


Hydrolysis and determination of acetale 
% Acetal found: £6.68, 96.23. 
The product was the monobutyl acetal of tetramethylbutindiol; yield 58.8%. 


The second product (12 g) had the following constants: b.p. 146-147° at 8 mm, ny 1.4380; dq” 0.9150; 
found MRp 98.26; calculated for C, 41330, F 99.06. 


Found %: C 70.25; 70.37; H 11.28; 11.19 
CasH Calculated %: ©70.133 H 11.18 
Hydrolysis and determination of acetal 


% Ether found: $6.25, 96.54. 


The product was the dibutyl acetal of tetramethylbutindiol: yield 16.6% 


2. Catalytic method. A solution of 35.5 g (0.25 mole) of tetramethy!butindiol in 50.0 g of dioxan was 
placed ina flask fitted with a stirrer, a thermometer, a reflux condenser, and a dropping-funnel, and 50 g (0.5 mole) 
of vinyl butyl ether was added drop by drop during an hour, as well as 3 drops of concentrated sulfuric acid, the 
temperature being maintained at 53-56°. The mixture was then heated at 65-70° for 3.5 hrs, after which it was 


dried over potash. ht was then filtered, the filtrate was distilled, giving 56.3 g of dioxan with some vinyl butyl 
ether, and the residue was vacuum distilled: 


Fraction L b.p, 73-132° at 8 mm; 41g 
Fraction ll, b.p. 132-154° at 8 mm; 16.3 g 
Residue 1.64 


10 g of vinyl butyl ether was collected in a cooled receiver, and 1 g of crystalline tetramethylbutindiol was 


* Hydrolysis was effected by heating a weighed sample in a sealed tube with 25 ml of 0.5 N HySOg 
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The mono- and dt-butyt of tetramethyloutindiol were from the Liquid residues of 
Fractions Land The monobuty] acetal had b,p, 122-123° at 17mm, 1.4438; 0.91703. yleld 59 g, 
(84.9%) and the dibuty) acetal had b.p. 147-148° at 7 mm, 1.43803 dq? 0.9158; yleld 2.4% 


3._The dibutyl acetal of tetrarhethylbutindiol was prepared as described in 2 above, taking the same 
amounts of reagents, and under the same conditions, with the Ciespenes that the duration of-reaction was ae 
to Shrs. The product, yield 66%, boiled at 143-144° at 4mm, 1.4375; dg? 0.9148. 


Synthesis of the mono- and di-octyl acetals of tetramethylbutindiol 
HO-{CH,),C-C== = Hy 


42 g of vinyl octyl ether was added drop by drop to a solution of 18.5 g of tetramethylbutindiol in 25 g 
of dioxan containing 4 drops of hydrochlorie acid, and the mixture was heated at 15-80° for 6 hrs. The product 
was treated with potash, and vacuum distilled, giving: 


Fraction § b.p. 25-124° at $6 mm: 23.7 g. 
Fraction 0, b.p.124-153° at 11 mm; 3.5 g. 
Fraction DI, b.p. 153-183° at 11-3 mm; 32.8 g. 
Fraction IV, b.p. 183-187°at3mm; 18.0g. 
Residue 3.4 g. 


Fraction I was dioxan, b.p. 101-101.5°, m.p. 10°. . Fraction H deposited 1.0 g of tetramethy!butindiol, 
m.p. 93-S4° (from ethanol Fraction IJ gave, ates repeated eee 21.5 g of a liquid product, having the 
following constants: b.p. 138-138.2° at 3 mm, nb 1.4420; a3 0.8713; found MRp 90.64; calculated for 
MRp 88.97. 


Found M: 282.2; 287.4 (crycscopic, in benzene) 
Calculated M: 298.45 


Hydrolysis and determination of acetal 


% Acetal found: 92.38 


The Fraction contains 92.387. of the monocctyl acetal of eemetgam, which was thus obtained 
in 62.0% yield. 4 


16 g of & product having the following constants was isolated from Fractien IV: b.p. 184-i86*at 1 mm, 
1.4460; 0.8905; found MRp 1°5.2; calculated for MRp 136.01 | 


Found %: C 74.02; 73.80; H 11.62; 11.99 
CygHsgO3. Calculated %: C 73.96; H 11.97 

Found M: 450.0; 436.2 a in benzene) 
Calculated M: 454.71 


Hydrolysis and determination of acetal 
% Acetal found: 94.91, 95.14. 
This product is the dioctyl acetal of tetramethylbutindiol, yield 30.3% 


Synthesis of the diethyl acetal of tetramethylbutindiol 
Cz H,O-( CH HCO(CHy)3 Hg 


36.0 g (0.5 mole) of vinyl ethyl ether was added, under similar conditions to those described above, tu a 
solution of 35.5 g (0.25 mole) of tetramethylbutindiol in 50 g of dioxan at 43-45*, in presence of 4 drops of 
hydrochloric acid. After heating at 65-70° for 5 hrs the dioxan was distilled off, and the residue was vacuum-distilled: 


Fraction I, b.p. 110-120° at 9mm; 11.5g 
Fraction Il, b.p. 120-132° at 9 mm; 44.5g 
Residue 10.0g 
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Fractions 1 aad 1 were redistilled, giving 40 g of a product having the following constants: b.p. 103.5-108° 
at 2mm, 1.4320; dg’ 09125; found MRp 81.41; calculated for Crotty F 80.6, 


Found %: C 617.44; 67.54, H 10.49; 10.38 
Cygne Calculated C 67.11; H 10.86 

Found M: 280.8; 256.0 (cryoscopic, in benzene) 
Calculated M: 286.4, 


Hydrolysis and determination of acetal 
% Acetal found: 93,28, 94.37 
The product was the diethyl acetal of tetramethylbutindlol; yield 56.0% ©. 
SUMMARY 


1. A study has been made of the reactions.of tetramethylbutindiol with vinyl ethyl, butyl, and octyl ether, 
leading to production of mono- and di-acetals of tetramethylbutindiol, in yields of up to 85%. 


. 2. Five new acetals were thus prepared, and thelr structure was established by a study of their hydrolysis 
prod ucts, 


3. The diacetals are formed through the Intermediate stage of mono-acetals, the yield of which depends 
on the amount of vinyl ethers taken for the reaction, and on its duration, 
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INDIRECT VINYLATION OF ALIPHATIC ALCOHOLS” 


M. F. Shostakovsky, B. 1. Mikhantyev, and N. N, Ovchinntkova 


Direct vinylation with acetylene of primary and secondary Cc-C, alcohols proceeds smoothly at 140-160° 
in presence of KOH, giving yields of up to 95% of the corresponding ethers [1} Tertiary zicohols and alcohols 
with double or triple bonds do not react with acetylene under the same conditions. The vinylation of tertlary, 
and more -particularly of unsaturated, aliphatic alcohols is of considesable theoretical and practical interest. 


The proposed indirect method for vinylation of tertiary and ethylenic aliphatic alcohols follews directly 
from the researches of Shostakovsky [2] and his co-workers in the Laboratory of Vinyl] Compounds, who found that 
alcohols or alkoxides or alkaline solutions of alcohols react with vinyl phenyl er a-halogenoethy! phenyl ethers 
to give mixed alkyl phenyl acetals, as follows: 


acid 
AIkOH + HC==CH + C H 


‘OAlk 


The formation of viny] alkyl ethers by the thermal decomposition of alkyl phenyi acetals was shown 
to take place [2], as follows: 


OAlk 
CH;CH H.C = CHOAIkK +C,sH,OH 
Hs 


The reaction was also confirmed by. the work of other authors (3), who ascribed the decomposition of the acetals 
to the catalytic action of inorganic acids or their salts, and of sulfanilic acid or anilsulfate. The yields of vinyl 
ethers so obtained varied from 50-74%. 


The reagents used in our research were vinyl phenyl ether and secondary and tertiary butyl and allyl 
alcohols, from which we synthesized the corresponding mixed acetais, heating of which on an air-bath in all 
cases led to decomposition of the acetals, with formation of the vinyl ether of tht given alcohol, together with 
phenol. Vacuum distillation of the mixed alcohols at pressures of 25-35 mm gave rise to alkyl vinyl ethers, 
dialkyl acetals, diphenyl acetal, and phenol. Distiflation at 3-5 mm pressure gave only disproportionation 
products. The transformations observed may be represented by the following reactions: 


OAlk 
1. HyC==CHOC,H, + HOAIk—> CH,CH 
OAIk 
2. CH,CH HyC—=CHOAI + CgH,OH, 
ots 


Alk 
whete Alk is secondary or tertiary butyl or allyl. 


It appears from the above reation schemes that atyl alkyl acetals ate the starting »oint for the prepara- 
tion not only of the corresponding symmetrical acetals [4-5] but also of vinyl ethers of secondary and tertiary 
alcohols and unsaturated alcohols, 
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TABLE 1 = Specification of initial reagent Acetal formation tock placs et 


temperatures 2-3°, lower than the boing 


D.p.: 


Compound 90/160 fy Remarks point of. the corresponding vinyl alky! 
ether, as this gave the highest yields of 


sec. -Butanol 1.3952 0.8075 mixed acetals (25-32%). Viny) alkyl 
CH,CH,CHKOH | ethers are obtained In yields of up to 

i The reactionof indirect vinyla- 

ch | : tion amounts to transetherification of 

tert. Butanul 


62.5 - aryl radicals of vinyl aryl ethers by 
(CH,,cH 


np 1.3824 alkyl radicals, as follows: 


96-8T 1.4132 | 0.8550) H.C=CHOAIk + 


Allyl alcohol 
CHy=CHCH,OH 


i y which is of special importance in the case 
0.9768; of unsaturated alcohols, direct vinylation 
= 1.5225 | 1.1150) b.p. of which has not yet been achieved. 


j a-Chioroethy 
ylether 93-94/22 mm 
CHjCHCIOC Hy : In order to raise the yield of aryl 

i 


alkyl acetals we prepared them from 
readily available a-chloroethy] phenyl ether (6) and the appropriate alkoxides, by the reaction: 


Alk 
CH,CHCIOC,H, + NaOAlk CH,CH + NaCl, 
ots 


Vacuum distillation of the reaction mixture gave up to 40% yields of aryl alkyl acetals, which were further 


treated as above, ie., the mixed acetals were decomposed to give vinyl alkyl ether and phenol, or dispropar- 
tionated to give the symmetrical acetals. 


EXPERIMENTAL 


The aryl alkyl acetals were prepared in a flask fitted with a stirrer, a thermometer, and a reflux condenser, 
the temperature being régulated by a water-bath, An example of a synthesis is given below. The physical coa- 
stants of the reagents used are given in Table 1. 


tert.-Sutyl phenyl acetal. 0.2 g of PpOg catalyst (or concentrated H,SO, or HCl) was added to a mixture of 
37 g of tert. butanol (0.5 mole) and 60 g of vinyl pheny} ether (0.5 mole) at 30°. The temperature rose to 75-80° 
after 30 minutes, and the mixture turned faint yellow, After it had cooled to room temperature the mixture was 


treated with potash and with sodium, and then vacuum-distilled. Redistillation of the fractions obtained gave the 
following individual products: 


tert. Butyl phenyl acetal 26.2 g (27 yield) 

Di-tert.-butyl acetal 12.2 g (28% yield) 

Dirhenyl acetal 13.4 g (25% yield) 
‘Hydrolysts of tert.-butyl phenyl acetal, and determination of its percentage content® 
30.9 ml of 0.1N- 


was used to titrate 25 ml of bisulfate % Acetal found: $5.55, 96.11 


25 g of tert.-butyl phenyl acetal (see Table 2 for physical constants) was heated in a Favorsky flask fitted 


with a thermometer, and connected with an upright condenser, on an air-ath at 140-150°, giving vinyl tert.- 
butyl ether (9.62 g., or 75% yield) and phenol (6 g isolated from the tarry residue). 


Allyl phenyl acetal. 40g of sodium allyloxide (0.5 mole. was placed in a flask, and 78.3 g (0.5 mole 
of a-chlorcethy] phenyl ether was added drop by drop during 1 hour, The temperature of the mixture rose to 62°, 


and its color darkened. Solid products were filtered off and discarded, and the filtrate was distilled at 3 mm, giv- 
ing the following products: 


* Hydrolysis was effected by heating weighed samples of the acetals in a sealed tube with 25 ml of 0.SN-H,SO,. 
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TABLE 2 
Characteristics of the acetals obtained 


Compound | Pressure 


mm 


sec, Buty) phenyl acetal® | 
HCH,CH, 32-40 | 57-60 0.9552 | 
. | 


| 52.548 173.18 168.96 12.68 
27-38 ‘73-14 23 10,8231; 1.4048 


. $7,839 195,00 74.28 9,17. 

cuce 27-36153-55 9.9560 | 1.47901 
i ‘ i $7.481 194.266 | 74.19 9.34 


Di-tert.-butyl acetal $1,685 174.30 
CH ;CH[OC(CH,) 3 | 28-31 | 63-64 13 0.8246; 1.4054 : 
174.276] 68.91 1272 


68.74 12.85 


Allyl phenyl acetale 
OCH,CH=CHy | $1,547 | 178.38 j 7414 7.82 
25-30 | 65-67 0.9613! 1.4908 
— | 178.22. 74.13 
i ‘ ‘ 
138 ; 141.98 67.58 16 
| 41.696 | 142.192 | 62.57 9.92 
6.03 78.44 + 6.87 
eh | i | 63,076 | 214.252! 78.48 | 6.59 


* Not previously prepared, 

** Diphenyl acetal was obtained by the disproportionarion of all three aryl alkyl acetals. In Table 2 we give 
data relating to dipheny! acetal obtained from allyl pheny] acetal 

ee* Ia the column “Yield %”* the first figure refers to the yield of ptoducts obtained by the reaction ef vinyl 
pheny) ethers with alcohols, and the second to acetals obtained from alkoxides and chloro-ether, 


Allyl phenyl] acetal 27 g (30% yield) 


Diallyl acetal 9.2 g (26%yield) 
Dipheny] acetal 12.3 g (23% yield) 


Hydrolysis of allyl phenyl] acetal, and determination of its percentage content 
31.2 ml of G.1 N-ly was used to titrate 25 mil of bisulfite % Acetal found: 95.97, 98.27. 


Decomposition of 27 g of allyl phenyl acetal gave 9.81 g of vinyl allyl ether (77% yield). Analytical 
data and physical constants of the compounds obtained are given in Tables 2 and 3; the physical constants agree 


: 
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D found, found . found found 

calc, caic, calc, caic. 
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TABLE $3 


Characteristics of the vinyl alky! ethers obtained 


Compound "Yield | MRy %H 
°C/760 mm, D found, found, | found, found 
eale. calc, _j_cale, calc, 


1 ‘ 
Vinyl sec. -buty] ether ; ‘ "91,997 , 100.65 72.01 12.03 
CHOCHCH,CH, 15.8 81-81.5 0.7720 , 1.3970° 
31.204 100,156; 71.95 12,08 


| 
| 11.85 12.42 
11,95 12.08 


Vinyl tert-butyl ether 15.0 | 15-75.3 0.7726 | 1.3978: 31.308 : 100,27 | 


HyC =CHOC(CH,), | 31.204 | 100,156 


11,53 9,44 
71,39 | 9.59 


26.219 , 84.29 
26.679 | 84,124 


Vinyl allyl ether ' 


11, 
HyC =CHOCH,CH=CH, 0 66-66,7 0.7960 


1, 


closely with those quoted in the Hterature [7} The structure of the three new ary] alkyl acetals was also 
established by hydrolysis, 


A comparison of the two methods of preparation of aryl alky] acetals, from alcohols and vinyl phenyl 
ethers, and from alkoxides and -chlorcethyl pheny] eiher, shows that the latter method gives somewhat higher 
yields (36%, as compared with 27% of tert. -buty] phenyl aceta: by the former method. 


SUMMARY 
1. A method has been worked out for the indirect vinylation of tertiary and unsaturated aliphatic alcohols, 


2. sec.-Dury) phenyl acetal, tert-butyl] phenyl acetal, and allyl phenyl acetal have been synthesized: 
they have not setidaedle been described, 


LITERATURE CITED 
[1] A. E Favorsky and M. F. Shostakovsky, J. Gen. Chem., 13, 12, 1 (1943). 
[2] M. F. Shostakovsky, J. Gen. Chem., 20, 4, 608 (1950). © 


(3} A. E. Arbuzov, J. Russ. Phys. Chem. Soc., 40, 631 (1908); 41, 294 (1909); 54, 462 (1923); A. E 
Chichibabin, 1 Russ. Phys. Chem. Soc., 41, 295 (1909): L L Ostromyslensky, J. Russ. Phys. Chem. Soc., 47, 
1494 (1915). 


[4] M. F. Shostakovsky and N. A. Gershte in, J. Gen. Chem., 16, 6, 937 (1945); 18, 3, 451 (2948). 

(5) J. W. Copenhaver, M. H. Bigelow, Acetylene and carbon monoxide chemisury, N. Y , U.S.A. (1949). 
(6) M. F. Shostakovsky and A. V. Bogdanova, L Gen. Chem., 20, 7, 1325 (1950). 

{7} H. D. Hinton, L A. Nieuland, L Am, Chem. Soc., 52, 2892 (1930), 


Received December 25, 1951 Institute of Organic Chemistry 
Academy of Sciencies, USSR 


* Sec Consu)tants Bureau English Translation, p. 643. 
*¢ See Consultants Bureau English Translation, p, 1379 


962 


Be 
a 
4 
iy 
| 
| 
H 
i 
. 
| 
5 
5 
i 
> 


| 


METALLO-ORGANIC “BIURET’ COMPLEZIES OF PROTEIN BREAKDOWN PRODUCTS 


K. T. Poroshia 


The study of the processes and products of breakdown of proteins is attracting ever increasing attention, 
Among the-publications of numerous authors who have worked on this subject, the most important are those of 
Zelinsky and Sadivov [1}, Perov [2), Reznichenko (3) and Blagoveshchensky (4) Work on the problems of break- 
down of natural and synthetic high-molecular compounds other than proteins has been done by Korshak and co- 
workers [5] (polyamides and polyesters), Ivanov, Kaverzneva, and Golova [6) (cellulose), and Knunyants and 
Rogovir{7) (polycaprolactam). 


.Among the rpany metheds applicable to the study of processes and products of protein degradation, that 
depending on the investigation of metallo-organic “biuret™ complexes may be of considerable value, The re- 
searches of Gavrilov et al., and our own work [8], have opened up promising prospects for the further study of 
the structure of protein macromolecules. The present paper describes the results of a spectroptiotometic study 
of solutions of copper “biuret® complexes of protein degradation products, The products studied were pepiones 

( “Witte? "Farmakon", and “Siegfried"), and hydrolyzae-peptones from-Jegumin and glycinin, as well as for two 
protein derivatives of the “proto-acid® type, 


Hydrolyzate-peptones from proto-acids, legumin, and glycinin were prepared by hydrolysis with 0.1% 
hydrochloric aciu, by the method described by the authors [9}. The proteins (proto-acids) taken have already 
been the subjects of detailed chemical.and physico-chemical studies [10). The copper *biuret® complexes 
were prepared as follows. 3% Caustic soda was added to 100 mg of peptone or-hydrolyzate-peptone in amount 


sufficient to dissolve it, and the volume was made up to 100 ml. 0.25 M Copper acci. ‘« was then added until 
a permanent precipitate of hydroxjde separated. The solution was centrifuged after 1-2 hours, and the intensity 
of coloration of the supernatent Muid was measured by means of a Koe 3-Martens spectrophotometer. The re- 


sults obtained for copper “biuret® complexes of peptones are given in Table 1. 


The spectrophotometric absorption TABLE 1 
curves are given in Fig. 1; it may be con- --Yalues of absorption of tight € for solutions of copper 
cluded from an analysis of the data of Table “biuret™ complexes of peptones 


1 and Fig, 1 that the various peptones have 
different absorption maxima, and that the 
absorption curves-are of different types. The 


Waye-ength"Siegfried™ 


peptone 


Farmakon"® 
peptone 


absorption maxima are at 530 my for Siegfried 480 0.1275 9.1509 } 0.1567 
peptone, at 540 my for Witte’s peptone, and $05 0.2107 _ 0.2109 : 0.2404 
at S50 my for™Farmakon peptone. The mag- 530 0.2632 9.2492 0.2712 
nitude of absorption for Witte’s peptone differs 540 0.2595 0.2550 ' 0.2783 
from that for the other two. The spectrophoto- 550 + 0.2580 0.2803 0.2775 
metric results thus reveal differences in the 560 0.2469 "0.2534 | 0.2705 
structures of the three peptones. 580 , 0.2337 0.2314 0.2527 
‘The results obtained similarly are shown 6.2339 0.2918 

in Table 2 ard Fig. 2, from which it appears 630 0.1597 ' 0.1634 0.1877 
690 0.0987 0.0887 0.0987 


that the curves obtained for proto-acid peptones 730 : 9.0414 
are of the same type, with absorption maxima oe 

at 550 mp. Only small differences in intensity ; 

of absorption are found, the greatest difference, at 505-530 mp, not exceeding 0.0111. 


9.0503 0.0594 


A somewhat diiferent picture is observed with the hydroly.ate-peptones from legumin and glycinin. 
Solutions of the “biuret™ complex from legumin or glycinin have absorption maxima at 540 and 550 my, 
“respectively, and the shape of the curves differs. At certain wavelengths a difference in the intensity of 
if ‘absorption 1s chrerved, as compared with proto-acid preparations, It is evident that the hydroly ate-peptones 
from protg-acid proteins are more homogencous than are those from legumin and glycinin, 


Our expeniinents show that various forms of primary degradation of proteins, such an cnzyinatic (pepsin) 


| 
1 
q 
| 
t 
4 
ee 
: 
— 
meth, 
im 
= peptone 
j 
i 
: 
ae 
‘ 
3 | 
- 


. ‘ 


Fig..1. Spectrophotometric curves for copper “biuret” Fig. 2. Spectrophotometric absorption curves for copper 
complexes: 1 - Siegfried peptone; 2- Farmakon “biuret® complexes: 1 hy in ly at=peptone trom glycinin; : 
peptone; 3 - Witte's peptone. 2 -hydrolyzate-peptone from caseinic acid; 3 - hydroly- 4 
zate-peptone from legumin; 4 - hydroly.ate-peptone from 
pea-seed protein, 
FALE 
Values of ¢ for solutions of copper “biuret* complexes 
from protein hydrolyzate-peptones prepared from Amount of copper, in mg., needed for 
{ proteins, the formation of the red complex of 
acid and its hydrolyzatess. 
Wave-length |Caseinic acid Pea protein hydroly-Legumin Glycinin \ 


hydrolyzze | proto-acid) ‘hydcroly hydrolyzate 


ig of Cu 
per g of 
product 


j 
0.2285 0.2396 0.2205 0.2302 4. Caseinic acid 
0.2491 0.2300 0.2372 
| 


540 
550 
560 
580 
610 
630 
6S0 
730 


2. Hydrolyzate obtained by 
0.2503 0 2572 0.2282 0.2408 


action of pepsin on 


0.2473 


0.2538 0.2204 


8.233 


caseinic acid 


6.2331 | 0.2409 0.2033 0.2129 3. Hydrolyzate obtained by 
0.2048 0.2112 0.1725 


0.1738 caseinic acid with 0.1% 


0.1787 0.1870 0.1527 


0.1507 39.2 
0.0994 0.1102 0.0978 0.0905 4. Hydrolyzate obtained by 
0.0457 


0.0608 | 0.0550 0.0312 hydrolysis of caseinie 


acid with 2% H,SO, 56.7 


| or acid (0.1% HCl, 2% H,SO,) hydrolysis, lead to production of compounds giving red copper complexes with an 
| absorption maximum at 550 my, as compounds are formed with a longer polyamide (polypeptid2) chain than the 

| 


tripeptide ones existing before hydrolysis. In connection with this we observe a shift of the absorption maximum 
in “he direction of shorter wave-lengths. Thus, for example, if the solution of copper “biuret® complex of caseinic 

acid exhibited an absorption maximum of 560 my before hydrolysis, this maximum was shifted to 550 my after 

deg:adation of the protein. The amount of peptides in the primary degradation products may be determined by 

_tmeans of the method of differentiated spectrophotometry developed by us [8). It may be expressed quantitatively 

as m'!i:grams of copper bound in the red "biuret" complex, and the figures of Table 3 expess the variations found 

in this value in different forms of degradation of the protein. ] 


As has been shown earlier [10], the protein macromolecule consists basically of tipeptides, which make up 
92% of the molecule. The amount of peptides giving a red “biuret™ complex with copper increases during the 


eatly stages of protein degradation. This effect cannot be explained on the basis of a protein macromolecule 
structure involving only peptides. 


SUMMARY 


1. The absorption curves of solvtions of coppers “biuret® complexes of primary degtadation products of a 
number of proteins have been constructed. 
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2. bis shown thatthe copper “biuret* complexes derived from proteins of the *proto-acid* type have 
identical absorption maxima, and equal intensity of absorptica. 


3. Red copper “biuret® complexes are given by the polypeptides (polyamides) formed during the initial a, 
period of primary protein degradation, 
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HIGH-MOLECULAK COMPOUNDS 


PART 52. REACTIONS OF POLYESTER MACROMOLECULES WITH EACH OTHER 


V. V. Korshak and V. Vinogradova 


The presence of exchange. reactions in the process of polycondensation 1s one of the most characteristic 
features of reactions of this type.{1} The laws governing the reactions of ester bonds were studi¢d by us, for the 
case of reaction of low-molecular- esters with acids, alcohols, and other esters [2,3,4,5} The presence of exchange 
reactions between polyesters and low-molecular alcchols, leading to degradation of the polyester, was demonstrated 
by us for the reaction between polyhexamethylene sebacate and cetyl alcohol {6}. The reaction of alcoholysis of 
polyesters has been demonstrated earlier by Flory [7], who did not, however, include this among the series of 
degradative reactions. Reactions of polyesters with dicarboxylic acid and glycols, involving their degradation, ° 
were first shown by one of us together with Golubev [8]. Similar degradative reactions of polyamides with 
dicarboxylic acids or diamines have been reported much earlier by one of us together with Rafikov (9) and 
Zamyatina [10}. 


All these examples, however, related to the reaction of polyesters or polyamides with low-molecular 
compounds, such as mono- or di-carboxylic acids, or glycols, alcohols, diamines, and other such compounds, 
which enter, as was shown by us in the study of the kinetics of the reactions of hexamethyleneclycol wit 
sebacic acid [11}, only into the initial stages of the polycondensation process, Le., at the stage at which the 
polycordensation products z:¢ still of low molecular weight. As the process continues these low molecular 
weight initial products are used up, and the role played by such compounds diminishes correspondingly. Bk 
might hence be supposed that the role of degracative reactions should diminish in the terminal stages of poly- 
condensation reactions, but this supposition is contradicted by the finding that the differential curve of 
distribution of polyamides according to ther molecular weights exhibits a sharp maximum, as was shown by 
one of us with Zamyatina [12}. The presence of a maximum was found by cone of us together with Rafrkov 
and Chelnokova for the differential distribution of polyesters according to their molecular weights 13} These 
results are in disagreement with Flory's theory [14], and are ascribable to the existence of degradative exchange 
reactions at al] stages of the polycondensation yiocess [12,13]. It follows that the activity of the macromolecules 
formed at all stages of the polycondensation process is fairly high, in spite of cheir comparatively high melecular 
weight. 


The high reactivity of macromolecules in the reaction of chain growth was established by us on the 
basis of a study of the reaction of polycondensation of hexamethyleneglycol with sebacic acid [11). We found 
that the growth of the chains in the terminal stages of the polycondensation reaction is due exclusively to 
reactions between polyester macromolecules. We thought it would be of considerable interest to-elucidate 
the role and significance of exchange, chiefly degiadative, reactions in the terminal-stages of polycondensation 
reactions, at whicn the original substrates are practically absent, so that the reactions can only be between 
condensation products. With this object we subjected the reaction between two polyesters of different molecular 
weight, denved from hexamethyleneglycol and sebacic acid. . 


EXPERIMENTAL 


Initial reagents. The initial polyesters were derived from sebacic acid arid hexamethyleneglycol. The 
reaction was conducted by heating the substrates in a stream of nitrogen trom which oxygen had been eliminated 
by passing over a heated copper spiral. The reaction mixture was heated for 4 hrs at 180° and then for 4 hrs at 
190-195°, followed by 3 hrs at 225°. It was then heated in vacuum (2 mm) for 30 hrs, during which the temperature 
was gradually raised to 250°. Two polyesters were obtained: polyester No. 1, from equivalent amounts of acid 

- and glycol, with a molecular weight of 6608, as derived from viscosity measurements of its benzene solution, 
and polyester No. 2, obtained with a 30% excess of hexamethyleneglycol, molecular weight 1533 (from viscosity 
of 0.5% benzene solution). 
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Experbnental results, We first performed preliminary experiments on the effect cf temperature on the 
polyesters, in order to be able to select temperatures at which the reaction velocity was high enough for our 
purposes, but at which thermal degradation of the polyesters did not take place. For this purpose we examined 
the effect of heating different polyesters at various temperatures for 10 hrs, 


Weighed portions of polyesters were placed in tubes, from which the air was then swept with nitrogen, 
and the tube was evacuated and sealed, and placed in a thermostat, where it was left for 10 hrs at the 
appropriate temperature. The results are. given in Table 1. The initial molecular weight of the polyester, 
as determined from viscosity of benzene solutions, was 9540. The data given in Table 1 show that considerable 
degradation takes place during heating, to an extent proportional to the temperature. 


TABLE 1 The curve of Fig.1 shows the 
connection between temperature and 
Thermal degradation of polyesters extent of degradation. 
Temperature °C | 100] 180 | 180 | 200 | 250 The depth of thermal degradation 
_ Molecular weight, , : also depended on the molecular weight 
from viscosity : , of the initial polyester. Thus the molecular 
measurements 9540 | 8170 |7500 6820 6130 weight of a polyester fell from 9540 to 6130, 
; i | : i.e., by 36% after 10 br of heating at 250°, 


whereas that of a second polyester fell from 
6810 to 5500, uncer the same conditions, a difference of only 19%, and a third from 3270 to 2840, or only 13%. 
A polyester of molecular weight 6600 was practically unchanged after 35 hrs at 150°, and this temperature was 
therefore taken as the optimum one fcr our experiments. 


We next determined the time needed for attainment of equilibrium at this temperature. A tube was 
filled with a mixture of equal weights of polyesters.of molecular? weights 6608 and 1533, ard the viscosity of 
benzene solutions of the product after various times 150° was determined, as well as the content of terminal 
groups (OH and COOH); the molecular weights of the products were hence determined. Terminal groups were 
determined by the method described in an earlier paper [15], The results are given in Table 2. 


It appears from the data of Table 2 that equilibrium is practically 
achieved after 14 hrs of heating, after which very little further change in 
molecular weight takes place even after a further 20 hrs. Having thus 


& 


reaction between the two polyesters, we studied this reaction as a process 
of degradation of the higher molecular weight polyester No. 1 (M 6608) 
by the lower molecular weight ester No. 2 (M 1533). The ratio of the 
ete ye initial polyesters taken was such that 0.5 to 100% of polyester No. 2 was 
Temp ed A taken per part by weight of polyester No. 1. The properties of a range 


of such mixtures were determined before heating, and are recorded in 
Fig. 1. Thermal degradation of Table 3 


polyester, 
TABLE 2 


Molecular wt. 


Kinetics of reaction of two polyesters 


Serial Duration of; 


Viscosity of Molecular weight, ‘ M’of 0.02 N] Molecular weight, ! Polydispersity 


No. heating,hr. 3 0.5% solution from viscosity NaOH used from terminal coefficient 
' in benzene ' per g of group determina- M,/M, 
| | polyester tion 
1 0.0 0.119 4054 47.6 ‘2100 1.93 
2 3.0 0.110 3741 | 47.6 2100 1.78 
3 6.0 0.102 3475 47.6 2100 1.66 
4 9.0 0.097 3303 47.6 2100 - 1.57 
14.0 | 0.078 2657 415 
6 20.0 0.078 2657 41.8 2100 1.26 
(38.0 | 0.076 2589 47.6 2100 1.23 
Note: Molecular welght was calculated from terminal group content by the formula M = a 
where a 1s ml of 0.02 N NaOH used per g of polyester. , 
968 


established the possibility of achieving an equilibrium state of the exchange 


af 
- 
é 
Wome ey 
Ties 
7 
| 


TABLE 3 
Properties of mixtures of polyesters 


Amount oflow ‘ Specific Viscosity Molecular weight,| Ml 0.02 N alkali Molecular weight,’ Polydisperalty 
molecular weight | of a 0.5% solution from viscosity used in titration | from terminal : coefficient 


polyester, as in benzene of terminal groups) groups, My M/ 
by wt. 


0.0 | 15:2 1.004 
0.8 0.193 6575 15.9 6289 1.06 
3.0 | 0.190 6473 17.0 5882 1.10 
1.5 0.183 6236 19.7 5076 1.22 
15.0 { 0.174 ' $978 23.8 ' 4223 1.42 
25.0 0,164 $587 28.1 3558 1.87 
50.0 0.145 4940 38.8 2871 1.68 
75.0 — 0.130 | ' 4429 41.6 ; 2403 1.84 
100.0 0.120 ; 4088 47.6 "+ 9100 1.95 


The data of Table 3 confirm the previously expressed view that the polydispersity coefficient, which ts 
the ratio of the molecular weights as derived from viscosity and terminal group deteraninations, respectively, 
may provide us with a useful measure of the polydispersity of the g.ven polymer. As appears from Table 3, the 
polydispersity coefficient rises sharply with increase in the polydispersity of the given mixture. Fig. 2 shows 


graphically how the two molecular weights vary according to the content of one or the other polyester in the 
r.ixtures 


The mixmyres weie placed in tubes and heated for 35: hrs at 150° in an atmosphere of nitrogen. The 


tubes were allowed to cool, and were then opened and the contents were examined; the results are given in 
Table 4. 


TABLE 4 
. Degradation of high-molecular polyester by the action of low-molecular polyester 
Amount of low- Specific viscosi'y , Molecular Ml 0,02 Nalkali Molecular! Calculated Polydispersity 
molecular weigh, 7 of a 0.5% solution , weight, used in titration -. weight, “molecular _ coefficient 
polyester, as % in benzene from of terrninal groups‘ from weight My/M, 
by wt viscosity terminal 
| My : : groups ; 
| J 
0.5 "0.166 $655 15.9 6289 6439 0.9 
3.0 i 0.160 - 17.1 5882 0,92 
1.5 0.144 4906 19,7 5076 $077 0.96 
15.0 0,178 14360 23,2 4223 4280 1.03 
25.0 0.115 ; 3918 ; (28.2 3558 _ 3550 1.10 
50.0 0,081 3100 i 38.8 25717 1.2 
75.0 2930 ans 2403 2323 1.21 
100.0 0,078 ess9 47.6 | 2108 
| i i 
100 +q 
NOTE. Molecular weight wa: calculated from the formula: M = ————. 
4. 
Me M 


Discussion of results, The experiments show that polyesters of different molecular weights react with each 
other when hezted together, giving products having the mean molecular weight of the mixture, This process 
resembles that cbserved when polyesters are heated with dicarboxylic acids, as described by one of us and Golubev 
{8}. The process is of a degzadative nature, as may readily be seen from an inspection of the curves of Fig.3, 
plotted from the data of Table 4, 
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Fig. 2..2) in Fig. 3, 1) change in molecular Fig. 4. Change in poly- 
weight as calculated from weight as calculated from dispersity coefficient with 
3 viszOsity ; 2) change in mole- viscosity, before heating: 2) time. 
cular weight as calculated change in molecular weight 
from terminal groups. as calculated from viscosity, . 


after heating. 


We sce froin Fic. 3 that the fall in molecular weight of a mixture of two polyesters taking place after 
heating is much greater than wouid follow from the simple addition rule, showing that reaction must have 
taken place between the two polyesters, It may thus be concluded that <cegradation of the high-molecular by 
the low-molecular polyester does in fact take place, Fig. 4, which represents change in polydispersity coefficient 


dusing heating, shows thar reaction is one of degradation, ard like all such peoceses, it leads to increase in 
homogeneity of the polyester, 


As appears from Fig, 4, based on the data of Table 1, heating the polyester mixture leads to lowering 
_ of the molecular weight and of the polydispersity coefficient of the product, Similar effects are observed when 
we heat mixtures containing various proportions of low-molecular 
polyester, which in this case acts as the degradative agent, Fig, 3, 
which is based on the data of Table 4, illustrates the relation between 
change in molecular weight after heating mixtures of polyesters and ew 
the content of low-molecular polyester, Whereas Fig, 4 shows the rate ee a 
of change of polydispersity with time, Fig, 5 represents change ia 
polydispersity of the polyester after achievement of the equilibrium 
state, i.e, after completion of the degradative process, As appears 
from Fig.5, increase in the proportion of the low-melecular polyester 
favors the degradative process, and so leads to the formation of an 
increasingly monodisperse polyester, 


Our results are of importance not only for the comprehension 
aided : of the individual stages and steps of the process under consideration, 
Fie but also for the of certain general and basic aspects of 
polydispersibility of polyester mix- the process of polycondensation, in general, An important consequence 
ture before heating; 2) after heating. of this research is the establishment of the presence of exchange 
: reactions proceeding between polyester molecules in the absence of 
the initial substrates, The existence of these exchange reactions is in the given case demonstrated by the 
reaction between two polyesters of differing molecular weight, but it should be supposed that it also takes place 
between polyesters of similar or even identical molecular weight, The present study has thus afforded additional 
confirmation of the existence of exchange reactions between growing molecules, proceeding without the agency 
of low-molecular initial substrates, Bearing in mind that the content of terminal groups falls rapidly with growth 
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of the chains ft will be obvious that such exchange reactions may be of ocaiitiinn both when they proceed at. 
the expense of terminal groups and when they depend on reaction between ester bonds of different chairs, This 
possibility has been envisaged by us in an earller paper (5), 


SUMMART 


1, A study of the exchange reaction between polyesters of different molechlar weight shows that - 
teact to give a single polyester, 


2. The low-molecular polyester acts: as a ieapstianes agent with respect to the high-moleculas ester, 


3, The extent of degradation of the high-molecular polyester is proportional to the content of low-molecular 
polyester in the mixture, 


4. The polydispersity coefficient falls during heating of polyester mixtures at a resulé vad the degradative 
reaction, 


5. A study of the kinetics of degradation of high-molecular polyenes when heated with low-molecular . 
polyesters shows that the polydispersity coefficient falls regularly as the reaction proceeds, 


6. A study has been made of the thermal degradation of polyesteré at various temperatures, 
1, The exchange reaction is shown to be of considerable significance for the process of polycondensation, 
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REMARKS ON “THE THEORY OF RESONANCE OR MESOMERISN® 


Ya. K. Syrkin and M, E. Dyatkina. - 


. 


That work of genius of 1, V, Stalin "Marxism and problems of lnguistics which has brought about a 
veritable revolution in the domain of lingulstics was an outstanding contribution to the theoretical superstructure 
of Marxism-Leninism, In the same way as over 40 years ago V, 1, Lenin, in his work of genius “Materialism and 
Empizsiecriticismm®, Hberated the natural sciences from mysticism and Machism, Comrade Stalin's work on the 
problems of Hnguistics led Soviet linguistics out of the crtical situation la which it had found itself, and freed 
it of the vulgarizing.and mistaken “new teaching® of the sclence of language. 


Having creatively developed and enriched Marxist-Leninist theory with its new discoveries and propositions, 
L V. Stalin’s work has pointed the way towards further development and achievement of all domains of Soviet 
science, At the same time, this work has dealt a decisive blow to idealism, metaphysics,and reactionary Ideology, 
Stalin’s memorable words, that "no science can develop and flourish without a clash of ideas, without free 
criticism" have become the motto of those engaged in creative science, This proposition establishes a new and 
important dialectic law governirg the motive farce of our development, which is criticism and self-criticism, 
Comrade Stalin's work “Marxism and the problems-of linguistics" teaches all those who are active in Soviet 
culture how to apply veritable partisanship to science, this part's anship being diametrically opposed to bourgeois 
objectivism, At the same time, veritable partisanship in no way rejecis a really objective analysis of natural 
phencmena, inasmuch as really scientific, objective explanations of the laws governing the world of reality are 
always and in every case found to confirm the correctness of dialectic materialism.. 


In view of L V, Stalin's bril:tueatise “Marxism and the problems of linguistics®, and of the historic 
resolutions of the Central Commuttee of the All-Union Communist Party on the problems of ideological. work, we 
should adopt a critical attitude to the results of our earlier researches, and we should reconstruct our scientific 
work on the basis of the creative application of Marxist-Leninist theory. The absence of she creative application 
of the laws of materialistic dialectics to particular domains of knowledge leads to conclusions which are in 
contradiction to true science, and to pseudo-scientific theories, One example which confirms the truth of this 
proposition is the profoundly erroneous “resonance theory®, which was, to their great regret, for a long time 
supported by the authors of this paper. A critical survey of our earlier papers connected with the “resonance 
theory*, together with their analysis in the light of Marxist-Leninist teaching, leads us to the conclusion that 
the reason for our errors was that we did not, in our research work, creatively apply the principles of dialectical 
materialism, we did not adopt a critical attitude towards the quasi-scientific ideas of the moribund culture of 
the capitalistic West, and we did not appraise at its true value the progressive significance of the materialistic - 
theory of chemical structure, of which the creator was that classical figure of Russian natural science, A, M, 
Butlerov, 


During the course of the discussions which took place in June 1951 we acknowledged the mistaken nature 
of the “resonance theory®, and the erroneous nature of those of our papers in which we :nade use of this theory, 
or supported it, In this connection we consider it to be necessary to dwell on the problems and the role of . 
Russian science in creating the theory of chemical structure, and on the significance of Butlerov’s ideas for 
the whole of the later development which took place in this domain, as well as on the methodological origins 
of the errors of the “resonance theory*, and on the chemical absurdities of this "theory*. The basic error of 
our book “The chemical bond and the structure of molecules” was the absence of an historical approach to 
the development of the problem of the structure of chemical compounds, This led us to present a distorted 
picture of the real position of the given problem, and to an erroneous presentation of the principles on which are 
based modern. conceptions of the structure of melecules, The theory of the structure of organic compounds, from 
which are derived present-day achievements of this bianch of chemistry, stems from the work of Butlerov in the 
cighteen-sixties, Before then, as Butlcrov said, organic chemistry was distinguished by the way in which experiment 
outdistanced theory, A great number of experimental facts had been accumulated, but there was no general idea, 
40 general approach, which would allow of all this material being considered from a single viewpoint, 
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Many scientists, such as, for example, Kekule, held eclectic views, and did not appreciate the tole of 
theory, not believing in the possibility of creating a unifying theory which could serve as a basis for the whole 
of organic chemistry, Kekule, Kolbe, and others believed that ft was impossible to visualize the way in which 
mutual bonds berween atoms in molecules exist, Agnosticism also typified the views of Gerard, who held that * 
chemical methods may permit us to gain knowledge of the past or the future of molecules, but not of thelr present, 


Under these conditions Butlerov's theory of chemical structure initiated an ‘absolutely new period in the 
development of chemistry, ht was from that time, Le,, after Butierov had made his fundamental contributions, that 
the idea of chemical structure as the factor determining the chemical behavior of substances entered into chemistry, 
The exposition of modern theories of the aructure of molecules must necessarily begin with an account:of this 
Period, as that of the beginnings of the science of chemical structure, Our very grave error was that we did not 
take into account the historical approach to the problem, that we treated its present state without reference to its 
histcrical development, and that we presented it as if our knowledge of the structure of molecules dated from the 


time when the quantum mechanics methods were applied to the estimation of the energy and of other properties 
of motecules, 


In sctual fact, the basis of modern views, and thelr origins, are those concepts of molecular structure 
which had been developed by Butlerov, An Insufficfent appreciation of the role of Butlerov and of his theory 
of chemical structure was the cause of the errors of our book, This theory, which lies at the basis of Our modern 
concepts, was in effect thrown out of our book, Our.mistake was that we reduced all the richness and the importance 
of the theory only to the dashes representing valency, and then wrote that the structural theory Is a formal one, 


In actual fact, Butlerov’s theory of chemical structure conta'ned profound ideas, which for long years 
determined the development of the whole of organic chemistry, The basic proposition of the theory of structure 
is the concept of the presence in each molecule of a definite order of atomic bonds, which are represented os 
structural forinulas; it reflects the fact that a molecule is a qualitatively determined particle, possessing a 
unique and definite structure for each molecule, This is a profoundly materialistic idea, without which all 
the later development of the theory of structure would have been impossible, kt is to Butlerov, who established 
the reality of the chemical structure of molecules that we owe the concept that the chemical behavior of 
substances is determined by their chemical structure, 


Butlerov’s formulation of the idea of chemical structure differs radically from the views of Kekule, of 
Cooper, who considered structural formulas to be only reaction formulas “tansformation formulas *%, Thus the 
real author of the theory of structure is incontestably A, M. Butlerov, 


All these circumstances were not presented in our book, We should also emphasize that the concept of 


chemical structure introduced by Butlerov is by no means confined only to the questions of location of atoms and 
distribution of bonds in a molecule, 


One of the foundation stones of Butlerov’s theory is the teaching about the mutual influence, the mutual 
action on each other of atoms, both directly combined and not combined, 


According to Butlerov, chemical structure is the “distribution of the action of chemical forces 


(affinities), owing to which chemical atoms, by acting directly or indirectly on each other, combine to give 
chemical molecules*, 


In scientific matters Butlerov opposed, from a materialistic standpoint, scientific idealism which rejected 


the actual existence of atoms in molecules; he opposed creejung empiricism, which degraded the role of theory 
in science, 


On the other hand, Butlerov’s materialistic theory resulted from the acknowledgement of the reality of 
atoms and from a scientific conviction that it would be possible to study their properties, It is in this approach 
of Butlerov's that the materialistic tendency of Russian natural science was displayed, It is thanks to this that 
Butlerov’s theory correctly depicts the basic features of the chemical form of the movement of matter, 


Special mention should be made of the great significance of Butlerov’s contribution to the question of 
the role of theory in scientific research, The predictive power of his theory stimulated a whole series of new 
discoveries, The impeccable theoretical argumentation and experimental confirmation characteristic of 


utlerov’s work are an illustration of unity ef theory and practice, To this is ascribable the vitality of Butlerov's 
teaching on chemical structure, 
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We shouid note that Butlerov applied his theory of structure to the prediction of a number of compounds Pata” 
which were as yet unknown, and which he then synthesized, such as,for example, the tertiary alcohols, .Butlerov' Pr 
also explained isomerism, and gave a correct theory of tautomerism, It should also be pointed out that 
Markovnikev, by making use-of the concepts of reciprocal action on each other of atoms, was able to formulate ° 
his well-known rule for reactions of addition, substitution, and splitting off, This rule is a manifestation of the 
general laws of mutual influence of atoms and groups of atorns in molecules, and it is still today fully valid, 


Butlerov's dynamic concept of the molecule was a brilliant anticipation of modern. views of the nature of the 
molecule, as a complex dynamic system, It was this materialistic principle, characteristic of Russian science, 
which we should have emphasized, inasmuch as it was Butlcrov's strength in his struggle against idealists and 
agnostics, One of the mistakes of our book, due to our disregard of general philosophical principles, was that we 
did not base our views on Dutlerov'’s materialistic theory, from which alone could the study of the structure of 
molecules be developed, The absence of Butlerov’s theory from our book was the reason why it became permeated 
with ideallsiic and mechanistic concepts, We should also have emphasized that our present-day views on the 
structure of atoms and molecules are based on M, V, Lomenosov's atomistic concept and on D, L. Mendeleev's 
periodic table, The over-estimation of second-rate work by foreign authors, and the under-estimation of the 
work of Soviet scientists were connected with the under-estimation of Butlerov's theory, 


A serious shortcoming of our book {s chat it pays no attention to questions of methodology, In dealing 

with the theory of the chemical bond we did not take into account that this problem is directly concerned with 
the general philosophical and methodological problems of chemistry and physics, Actuaily, as ts evidenced by a 
whole series of declarations made in the scientific press and at discussion meetings devoted to the theory of 
chemical structure, the very enunciation of the problem of the nature of the chemical bond ifvolves the struggle 
between idealism and materialism, On the one hand we have the materialistic concept of the molecule as an 
objective reality, and on the other the pragmatic, agnostic approach, connected with the idealistic view of the 

.; unknowability of the molecule, In the latter case objective criteria of the reality of the molecule and of the 
chemical bond disappear, In our exposition of the problem of the nature of the chemical bond we did not consider 
methodological questions, and we did not criticize idealistic presentations, 


Physical idealism and mathematical fetichism have largely infiltrated into chemistry if the form of the 
“resonance or mesomerism theory®, The resonance theory derives from a formally incorrect interpretation of one 
of the approximative methods of quantum chemistry —the method of localized pairs, The sense of a definite 
chemical structure was ascribed to the individual terms of the sum approximately expressing the wave function 
describing the state of the molecule, In reality, the individual terms making up the wave function used as a first 
approximation possess only a purely mathematical significance, and are not connected with the real properties of 
objectively existing molecules, This incorrect interpretation led us to an erroneous concept of allegedly existing 
physical phenomena, viz,, quantum-mechanical resonance structures, according to which superposition of resonance 
structures determines the real state of the molecule, We were in error in uncritically accepting this concept, and 
in applying it widely in our book, in which we frequently used such expressions as “is explained by resonance®, 
“ascribable to presence of structures", or “ascribable to appearance of structures®, Explanations based on the use 
of nonexistent structures must, of course, be erroneous, for since they are merely terms of a mathematical 
expression the individual terms of the development of a wave function cannot be the causes of physical effects, 
Such objectivization of a purely mathematical concept must be considered to be physical idealism, The 
resonance theory was an idealistic interpretation of the approximative method of localization of pairs, Other 
manifestations of this objectivization were such expressions as “structures co-exist in molecules® or “structures 
are represented®, which might mislead one into thinking that real structures are intended, A mistaken belief 
in the existence of fictitious structures led us to a mistaken understanding of resonance as a phenomenon, The 
objective reality of a concrete form of motion of matter which determines the properties of actually existing 
states of molecules, independent of our consciousness of them, has been replaced in the resonance theory by purely 
speculative and subjective structures, having no real existence, ‘Thereby objective reality was replaced by 
fictitious representations, and this is a manifestation of idealism in scierce, 


We did not in our book subject the resonance theory to criticism from a philosophical angle, and we thus 
did not discern the Machist tendencies of its authors, Yet this should have been done, the more so as the authors 
of the “resonance theory" themselves treat resonance as a speculative concept, as a “convenient*descriptive 
method, for this reason accepted as correct; as we have seen, this is unconcealed Machisim, The harm done to °+ 
the natural sciences by concepts of this sort has been pointed out by V. L Lenin in his work of genius “Materialism 


we 
H 
i 
r 
vs 
Sia 
>, 
; 
: | 
i 
i 
5 
: 
‘ 
Mag 
975 | 
: 


¥ 


and Empiriocriticism’, in which he showed that the principle of economy, which {s fundamental to the theory 
of cognition, must inevitably lead to subjective idealism, The multiplicity of structures inherent in the 
resonance theory is a deviation from the materialistic concept of Butlerov, and is a retrograde step tuwards the © 
pre-Butlerov agnosticism of Gerard, Kekule, and others, 


The resonance theory, being an erroneous Interpretation of one of the approximative methods of calculation | 
applied to multi-electronic systems, does not derive from quantum mechanics, The difficulty of approach to such 
complex systems lies in the fact that we do not know their real wave functions, describing the state of the system, 

For this reason, in the approximative methods known to us today, one of which is the method of electron pairs, of 
of valency schemes, the actual wave function is given approximately by certain mathematical expressions, which 
only very crudely reflect the nature of the actual wave function, It should here be pointed out that there may be 
various ways of approximat ing to a correct wave function, In quantum chemistry, in addition to near combinations. | 
oj derivatives of moroclectronic wave functions, used in the method of electron pairs, other mathematical approximae *_ 
tions to the correct wave function are applied, Thus for a large number of problems the method of molecular orbits 
is used, based on a different approximation, which {s in no way connected with “resonance structures®, Other 
approachés are also possible, which do not necessarily make use of linear combinations of simpler functions, As 

. an-example of this, we would point out that in making calculations for the hydrogen molecule, which allowed of 
the calculation of the energy of formation of this molecule with a high degree of accuracy, use was.made, as an 
approximative wave function, of an expression not based on a linear combinatiun of monoelecuonic functions, 
Thos we sce that the use of linear combinations of derivatives of mono-electronic functions is only one of the 
particular and imperfect ways of arriving at an approximation to the correct wave function, 


Resonance structures were made use of in the “resonance theory” as if they were ordinary structural 
formulas Yet it should be realized that the individual terms of which the wave function is made up, in the 
method of elecuon pairs, are not connected with any experimentally observable physical data whatsoever, A 
physical sense is possessed only by the wave function itself, as a whole, being directly related to rea} physical 
characteristics of objectively existing molecules, such as the energy of molecules, the distribution within them 
of electric charges, ete, 


Our mistake was that we did not give a clear-cut explanation, in the above sense, of the individual terms_ 
when dealing with wave functions, and that when we considered them sepazately from the particular mathematical 
Operations to which they belonged we tended to regard them as if they were of the nature of primary factors, 
determining the actual physical properties of the molecule. This was an unjustifiable use of the individual 
components of a wave function; we raised them to the level of an absolute, independent of matter, The elevation 
of individual items of cognition to the rark of absolutes was, as we know, described by Lenin as being philosophical 
idealism: “from the view point of dialectical materialism philosophical idealism is a one-sided, exaggerated... 
hypertrophy (expansion, inflation) of one of the features, aspects, or facets of cognition into an absolute, detached 
from matter or from Nature, a deification*.« 


There is no trace of rationality in treating of individual terms of an analysis as objectively existing 
resonance structures, The posing of the imaginary problem of establishing experimentally the existence of separate 
“resonance structures” is a misunderstanding, 


We, unfortunately, added to the methodological errors of the “resonance theory" by introducing the concept 
of transitional structures, On the grounds that the density of the electron cloud is expressed as the square of the wave 
function, and is thus represented in the form of the sum of the squares of the individual terms of the analysis and 

of ther double derivatives, we connected the expression for the latter with sepaate “transitional structures®, As@ 
result, the individual terms of the sum, which are of purely mathematical origin, became objectivized, and were 
regarded as factors determining the properties of real molecules, In this case, too, a fictitious, imaginary picture 
was elevated to the status of a factor determining objectively real phenomena, 


We did not in our book clearly differentiate between the concepts of state and structure, and this was one of 
the causes of our mistaken interpretation of individual components Of the approximative wave function, insofar as 
we regarded these individual terms as separate states of the system, whereas in reality these terns of a mathematical 
expression do not relate to any states whatsoever which could exist in a molecule, Le, they have no real physical 
sense, 


It should be noted that a justified criticism of the “resonance theory” does not contradict the value of quamum- 


* V. L Lenin, Philosophical Notes, Gospolitizdat, 1947, p, 330, 
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chemical calculations based on existing methods, These calculations are very rough and imperfect onea, Bt is 
essentially a zero approximation, but it can in a number of cases be useful, as, foc example, in comparing 
different molecules with conjugated bonds, or molecules with different kinds of annelation of benzene rings 
(acene, phene), etc, The existing methods permit of the very approximate calculation of the total energy of 

# -bonds for the basal and the excited states, The final values derived for total energy are in no way connected 
with any reference to separate “resonance” structures, As fos the quantum-mechanical method of molecular 
orbits, this has no connection at all with “separate structures”, and it can find application in a limited range 
of problems (comparison of molecules with conjugated bonds), To this category belongs the calculationof Pg 
transition from the singlet to the triplet, bi-radical state, ete, 


The basic shoitcoming of known quantum-chermical methods used in our work {s their lack of | 
precision, For this reason, where large effects of the order of tens or even hundreds of kg-calories are concerned, 
these methods, and particularly methods of molecular orbits, may be applied for comparative purposes, B 
should be borne in mind that because of thelr imprecision and approximative nature the applicability of these 
methods is very restricted, It should also be noted that although the application of quantum mechanics to 
chemistry may be of value for the provision of data relating to individual characteristic molecules, this approach 
cannot lead to the elucidation of the whole complex and specification of chemical phenomena, The further 
deveiopment of the theery of chemical structure should be based on synthesis of organic substances followed by 
a study of their reactivity and other chemical properties, in relation to their structure, Quantum-chemical methods 
can be of only auxiliary value in this study, Special caution must be exercized in applying the results obtained 


by quantum-chemical calculations for simple molecules to more complex ones; the result should always be checked | 
by the data of chemical experimentation, ; 


Inasmuch as the individual components of wave functions are not related to any experimentally observed 
real characteristics of molecules it is natural that the resonance swuctures consi¢ered cannot serve for the drawing 
of any conclusions relating to the objective preperties of molecules, To this ave due the mistakes made in the 
application of the “resonance theory” to chemistry. Explanations based on the use of resonance structures are 
only apparent ones, for, being a consequence of the incorrect interpretation of a method of calculation, the concept 
of reso vance cannot give satisfactory explanations of chemical and physical facts. Our mistake was that we did 
not discern the nature of the “explanations” afforded by the “resonance theory®, and that we made wide use of 
these"explanations", The application of resonance structures to the explanation of experimental facts opened up 
the way for arbitrary reasoning, inasmuch as the impression was created that explanations could be possible where 
in fact there was no explanation, 


Resonance structures are used in the “sesonance theory” for the explanation of experimental results 
The first consequence of this is that the way is opened for finding “explanations* of experimental errors. Thus, 
for example, erroneous experimental data relating to the alleged increased distance between two methylene groups 
in dibenzyl were easily explained as being a consequence of the tendency ot dibenzy!? tc break up into two tolyl fate 
radicals, owing to which the distance between the methylene groups is leagthened. Later experiments, however, : = i 
showed that the distance in question is shortened, not lengthened, In the same way erroneous spectrometric z 
data were explained by “proving” that the benzoyl ion causes an electron shift in the ring, and is an ortho-para 
orientator, This was readily accomplished by representing the structure of benzoic acid with a valency link 
between the two oxygens of the carboxyl group, as a result of which the negative charge was shifted to the 
ortho positio’ of the ring. Later work showed, however, that the experimental data for which the explanation 
was given were erroneous, It was thus always possible to find any fictitious “structure” whatsoever, and to 
believe that nothing else needed to be done. The possibility then appeared of explaining complex, and at first 
sight inexplicable, facts by means of structures invented ad hoc to suit each case. For example, the shortened 
interatomic distances of organic fluorine derivatives were explained by ascribing to NMuorine a bivalent state with 
a positive charge. Thus, specially for this given case, Muorine, that most electronegative of all the elements of 


Mendeleev’s periodic table, becomes electropositive and bivalent. In this way apparent explanations were 
fabricated, 


To the same category of errors beJong explanations involving the reduction of chemical problems to 
structures of to the matching of structures with ordinary and stretched bonds. Formal schemes not conveying the 
real state of molecules are used in the “resonance theory® for writing structures, The possibility of improvising 
One or another structure thus arises, and not infrequently mutally exclusive assumptions are made fiom case to 
case, Thus, for exainnle, for the explanation of the normal value of the moments of wiphenyl-, Muoro-, chlore, 
bromo, and iodo-methane it is necessary to assuine hindrance of the shift of negative charges from the benzene 
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tings to the electronegative halogens, But for the high dipole moment of nitrobenzene as compared with nltro- 
methane it {s assumed, oa the contrary, that the shift of negative charges to the electronegative oxygen atoms of 
the nitro-group is facilitated. th this way the possibilty of providing explanations for everything is furnished; 
such explanations cannot but be thought to be unsatirfactory, 


The erross pointed out above, relating tothe structure of molecules, also affected problems of reactivity 
as applied to molecules during reactions, According to how the reaction weat this was sald tobe due to the 
molecules “reacting in one of another resonance form*, This gave rise to erroneous views on the mechanism of 
a lame number of organic reactions : 


The procedure adopted, instead of making a critical examination of the reaction mechanism, was to 
write some resonance structure appropriate to the way the given reaction proceeded and to the nature of the 
end product, or arrows were appropriately disuibuted about the formula, It should be noted that our ezrors also 
apply to the mesomerism theory, to the same degree as to the "resonance theory®, Every resonance structure 
may be represented by the aid of arrows. 


Instead of establishing the real reaction mechanism (by means of kinetic measurements, by the method of 
labelled atoms, etc), the “theory of resonance or mesomerism” replaces the reaction process and its laws by 
selected gructures > arrows, which are made to fit the results obtained by the use of unproven hypothetical fons, 
both positively and negatively charged, carbonium and cazbanium ions, and a host of others which figure in the 
literature, and for whose existence there is often very little evidence. We did not, to our regret, expose these 
errors of the “resonance or mesomerism theory® as appli; to reactivity, and the same mistakes acceptance of 
the theory is to be found in the work of a number of authors who gave theoretical explanations of experimental 
results in organic chemistry. , 


The “resonance or mesomerism theory® by giving baseless explanations of reaction mechanisms created 
an atmosphere of contentrnent with the apparently adequate theoretical basis provided for organic chemistry. 
Here, t6o, we were in errog. 


To summarize what we have said above, we have come to the conclusion that the “resonance or mesomerism 
theory” is one of the manifestatiors of idealism in science. It gives expression to bourgeols ideology in chemistry, 


in the same way 2s bourgeois ideology has infiltrated into other domains of science, on wiich creative discussioa 
meetings have been held during recent years. y 


The sources of our mistakes were: 


1. We were not sufficiently guided in our work by the principles of matzrialistic dialectics, which alone 
reflect the objective processes of the rea] world and its laws. ? 


2. The absence of criticism and of verification of the scientific coherence of the theory of the chemical 
bond from the stand-point of dialectic materialism. 


3. The under-estimation of the significance of the materialistic trend of the classical workers of Russian 
natural science, of their patriotism, and of their contrfbutions to science. 
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4. Anuncritical attitude towards the reactionary ideas of certain Western scientists, which are symptomatic 
of the decay of the moribund culture of capitalism, 


5S. Anuncritical attitude towards the interpretation of the numcrical results given by the approximative 
quantum-mechanical methods 


We shall in our future work make every effort towards the rectification of our mistakes, Our futre task 
will be to contribute to the development of knowledge of the structure of molecules on the lines of the :» achings 


of dialectical materialism and of the ideas of Butlerov, Mendeleev, Mzrkovnikov, and other coryphei of 
Russian science, 


It is necessary to make the widest possible use of the scientific heritage of Butlerov, and, basing ourselves 
on his first propositions in the domain of the theory of chemical structure, to generalize the material since 


accumulated so as further to develop the theory of chemical strucmre with the help of the achievements of quantum 
mechanics, 


The essertial problem to which attention should be directed 1s that of the cannection between chemical 
stucture of molecules and their reactivity. This work should be conducted by means of studies of the kinetics of 
the reaction, and by che use of labelled atoms, with the object of clucidating reaction mechanism, estimating 


the strength of bonds, their equivalence of non- equivalence, elucidating the question of the part played by 
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tadicals, jons,.and other intermediate products in chemical reactions, and of investigating the -ole of the 
solvent in chemical processes, The elucidation of the role of thermodynamic and kinetic factors in hme igu« 
the course of chemical reactions {s also of importare, 


A second approach to be used in our work in this domain should be the further experimental study of the 
physical properties of molecules, and in particular of their polarity, by measurements of dipole moments, of 
the magnetic properties of chemical compounds, with the object of elucidating ‘the valency state of the atoms, 
and the types of pony * between them, and of thelz optical properties, The object of work in this direction should 
be to obtain Gata on the structure of molecules and to elucidate the nature of the reciprocal effects between 
atoms and groups in mitoculen, 


‘One of the tasks before us is the application.of the methods of quantum chernistry to the solution of 
Particular problems connected with the mutual effects on each other of atoms in molecules, as an approach to 
the problem of the Interaction of o- and @-doids and to the question of directional valencies and valency 
states of atoms, At the same time we believe that the existing methods of quantum chemistry can, in view of 
theis very approximative nature, have only a very limited sphere of applicability, and need to be perfected, 


It is necessary, in the domains of reactivity, structure, and the study of the physical properties of 
molecules, to explore those problems which would be of help in solving the practical problems which confront 
chemical industry. 
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FREE ENERGY AND HEAT OF DEHYDRATION OF CRYSTAL-HYDRATES* 
OF URANYL NITRATE AND CHLORIDE: 


A. F, Kapustinsky and L. 1, Baranova 


. 


There are no published data relating to the free energy of dehydration of crystal hydrates of uranyl © 
salts, and only a very few measurements have been made of heats of hydration of a few urany] salts, by the 
calorimetric method f1}. We shall in this paper present the results of tensimetric determinations of the dissociation 
pressure of urany} nitrate hexahydrate and uranyl chloride trihydrate at various temperatures, from which the free 
energy and the thermal effects of the reaction may be derived, . 


A tensimeter of the Frowein type-was used, in which the number of ground joints was reduced, but their 
dimensions were increased, and mercury seals were introduced. The experimental and the standard substances 
were placed in bulbs a and b of the tensimeter (Fig.1), and the bulbs were connected by the joints d and e, 
fitted with mercury seals, to a differential mercury manometer, on one limb of which was a dulb ¢ erty served 
as a reservoir for the mercury when the manometer was held in a horizontal position during evacuation, A large 
vacuum tap k separated the instrument from a steam trap and an ofl pump giving a vacuum of 0.01 mm, Vacuum 
grease was used forthetaps and joints, and redistilled mercury was taken for the manometer, 


The instrument did not leak for several days at 55°, 


The teasimeter.was ismmersed in a water thermostat provided 
with a window, atohkine thermoregwator, and an electronic relay; 
the temperatures used were 25° + 0.005° and 50° + 0.05*. The 
constancy of temperature was checked with the aid of a Beckman 
thermometer, and temperatures were read on a normal thermo- 
meter graduated in 0.1°, calibrated at VIMS.* Pressure was read 
with the aid of a microscope -vernier with a nonius checked 
against a standard, the accuracy of reading being 0.1-0.05 mm, 
The reference substances taken were water and sulfuric acid of 
4 concentration giving a water vapor pressure of 0.008 mm. 

The ordinary conditions necessary for tensimetry were observed. 

The results were checked by measurements of the dissociation 

pressure of crystal hydrates of copper sulfate, which can readily . 
: be obtained pure, and which have been extensively studied, 


We appresched each equilibrium from both sides (with rising 
and with falling temperature). The time taken for establishment 
of equilibrium was different for different crystal hydrates, being 
of the order of minutes for hexahydrate, 60-70 hr for the trihydrate of uranyl] nitrate, and 30-40 hr for the wihydrate 
of uranyl chloride, Well reproducible results were obtained for all the salts. Each value recorded for the 
dissociation pressures is the mean of a least two measurements differing by not more than 1%, : 


Fig. 1. Diagram of tensimeter. 


The salts were prepared from chemically pure specimens from the Mendeleev Institute collection. 
Urany] nitrate hexahydrate was recrystallized four times, after which it was analyzed by precipitation with ammonia 
according to Hillebrand, and was found to contain $.8 inolecules of water. The powdered crystals were kept in a 
vacuum desiccator over 35% sulfuric acid, to constant weight. The tnhydrate wa prepared by keeping the hexa- 
hydrate over 65% sulfuric acid for 4 weeks, constant weight being achieved after the loss of 2.54 mol of water. The 
trihydrate of uranyl chloride was prepared similarly. Lewenstein [2] has confirmed earlicr work showing the existence 
of these hydrates, giving the intervals of concentration of sulfuric acid corresponding with the equilibrium points 
of the appropriate crystal hydrates, 


It is known [3) that as a result of the hydrolysis of uranyl chloride by its own water of crystallization at 
temperatures above 90° hydrogen chloride is evolved, We performed special experiments with the object of finding 
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A. System: passed at a rate of 10 Mter/hr through urany) chloride 


* hydrate, and then through silver nitrate solution, for several 
(vapor) : hours, The solution became opalescent, although no precipi 
"Temperature,"C tate was formed, This result corresponds with a dissoctatioa 
pressure (with evolution of hydrogen chloride) of the order of 
10°? mm, Le., hydrolytic decomposition of the salt ts practi- 
cally absent at temperatures below 50°, The specimenof 
B. System: urany) chloride trihydrate was twice recrystallized, and was 
UO, Cl, * HO + (vapor) then kept in a vacuum desiccator over 65% sulfurle acid; its 
purity was checked by analyzing it by Hecht and Danzu's 
hydroxyquinoline method, The results obtained are presented 
Vapor pressure of in Table 1, 
water vapor,;mm 


Vapor pressure of 7,1) 10.3 ‘hoe 21.3 
water vapor, mm | 


Temperature, °C 


The results are in good agreement with a linear 
relationship between log p and YY T. The curves of Figa2 
and 3 are constructed bad the method of least squares, for the systems A and B. The equations of the curves are 


(A) log p= + 10.74. 


(B) log p = - 2182 + 10.58 (2) 


and from them may be derived the standard heats and free energies of hydration. For systemg A) AH = —13.49 kcal: 
and OF =-8.3 kcal, , while for system (B) AH =-14.44 kcal and AF =-7.2 kcal (at 35°), 

As for the system uranyl] nitrate trihydrate —dihydrate and water, the results obtained were much less 
reproducible. The relevant equation: 


(3) 


TABLE 1 "out whether this tydrolytic reaction takes place at the 

; ' highest temperatures used by us, viz., 50°; dry alr was 
| 
} 


gives AHyyg=-13.3kcal, This value, as weil as that for free energy (—0.8), must, however, be regarded as no 

: more than a rough approximation, for which teason they are inserted in parentheses in Table 2 

| Our values are in good agreement with published figures; derived from calorimetric measurements of heats 
of dissolution, Thus for system (A) AHgg =~13.0 kcal according to de Forcrand bie +12.92 kcal. according to 
Katzin, Simon, and-Ferraro [5S], and -13.49 kcal according to us, and for the system trihydrate —dihydrate and 
water, for the same salt, the thermal effect is~13.8 kcal according to de Rectal. —14.2 kcal according to 
Katzin, Simon and Ferraro, and -13.3° kcal accordifig to us. We have been unable to trace any published studies 


on uranyl chloride, P bor P (mm Hg? 
TABLE 2 4 


, Heat and free 
Reaction en-rgy,’keal 


UO,(NO) 61,037 UO{ + 3H,O ~13.49}-8.3 


UO,(NO4)g 34,057. 24,0 + H,O |(-13.3)(-0.8) 

UO,Cl, U0,Cl,- H,0 + 714.44) -7.2 

(at 355) 
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SYNTHESIS OF SILICOHYDROCARBONS FROM B-SILICOHALIDES AND ALKYL-LITHIUM ~ 


A. D. Petrov and V. P. Lavsishcheyv 


Petrov and Mironoy {1} have shown that in the syntheses of silicohydrocarbons = the condensation of 
secondary B-silicohalides with Grignard reagents: 


where Ry is Et or Pr, the yields rise with increase in the length of the radicals R from Me to Bu, 
We undertook the study of the condensation of 


TABLE 1 secondary B-silico-halides with Grignard reagents containing 
Condensation product _ | Yield as % of tadicals R, likely to give rise to steric hindrance, such as 
,_R,Si-C-C=C taken N-CgHy 1:0-C3Hy;, and tert, 
; i RyMgX! Ou 
Et r experiments showed that much lower yields 
Mes-Si-C-C-C-C-C-C 0.6 21.8 are obtained with these reagents, falling to zero for 
tert. CgHy There are numerous indications in the literature 


; c ! that In the synthesis of silicohydrocarbons from silicohalides 
EtsSi-C-C-C-C-C-C 9 27 with the halogen attacked tothe silicon atom much higher 
yields are obtained when alkyl-lithium is used {itstead of 
Grignard reagent [2} 


Et,$i-C-C-C-C-C 3.6 


j ; 26 Tt was thought to be of interest to find out whether 
a similar effect is obtained: when 8 silicohalides are taken. 
c ; i As appears from Table 1 this was found to be the case. Not 


only does the substitution of lithium for Grignard reagents 
EtsSi-C-C-C-C ‘ 0 , G2 raise the yields by as mych as 3-+. times, but it also allows 
i | of the introduction of such sterically difficult radicals as is 


cc tertiary butyl. The use of alkyl-lithium instead of Grignard 
S . reagents also affects the nature of the by-products. of the 
reactio 
d Ne i ! The side reactions taking place with alkyl-lithiums 
: i are: 
SL 4 ' 20 1, Reduction of B-silane halides, as follows: 
H,O 


2. Condensation, as follows: 


RySi-C-C-X + Li-C-C-SiRg 
Compounds oj the type R,SiR,, which are the chief product of 8 decomposition, were not found, showing 
that if this takes place at all it must be to a smaller extent than with RsMgX. The main products were obtained 


in yields of 20-27%, and the by-products in yields of 8-12%, Where low yields of product were obtained, such as 
6% with tert, butyl lithium, the y!eld of by-products rose to 33%, CHy 
: It is of interest that in the condensation of niente B -bromopropylsilane with Cl-Mg-C—CH; , where 
Hy 
tert, butyl did not enter into the reaction of condensation , and where tricthyl-tert -buty}silane could also not 
be obtained, the reduction product, tricthylpropylsilane, was obtained in 11% yield, and the product of 
condensation of the silyl halide, 1,4-di(tricthylsilyl)-2,3 dimethylbutane, in 6% yield, 
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TABLE 2 
- "Found %: 72,72; 72.52; H 13.623 13. wall 

Si 12.81; 13.85 
236-228°; 0.7959; 1.4443 Calculated %: C 72,8; 14,13 

$i 13,1 

CH, CH, 
B.p. 233-234"; dq? 0.7979; 1.4454 

CH, 

CH, CH, ; 
B.p. 229-230": dq” 0.8050; np 1.4492 
‘Found %: C 72,5; 72.54; H 14.2; 13.925 

Si 13.5; 13.62 

CH, CH, 
B.p. 221-222*; dg” 0.7993; 1.4460 ; Calculated %: C 72.0; H 14.05 

Si 14.0 
Found %: Si 10.67; 10,59 
CH, 

B.p. 306-306.S°; 0.8084; 1.4512 CygHgSi Calculated Si 9,42 


Hs 

: ‘ 

CH, 
B.p. 175-176°; 0.7517; 1.4222 


B.p. 267-268"; 0.7949; 1.4462 


CH, CH, 
B.p. 314-317 0.8376:nf) 1.4672 


CH, 
B.p. 290-290.2°: 0.8038; nff 1.4500 


EXPERIMENTAL 


The conditions used in typical alkyl-lithium syntheses are as follows, 51.2 g of © -Aseninpocentuentiad> : 
silane was added durirg 15 min. to 40 g of BuLi, with vigorous stirring; considerable evolution of heat was Tae: 
observed. The mixture was treated with ice and 10% HCl, the ether layer was separated and dried, Distillation : 
gave 9.8 g of 8-butylpropylrimethylsilane (yield 21.8%.) and 2 g of 1,4-diquimethylsilyl)-2,3-dimethylbutane 
(yield = SH). “Under sunilar conditions 42:75 g of B-bromopropyltributylsilane and 30 g of BuLi gave 8 g of 
Bug-Sr-Ci (yield 20%) and 2 g of Bus-Si-CH,-CH,-CHy. hh addition, a small amount 

of high b.p. products was obtained, but no individual silanes were isolated, The properties of the asymmeuical 
monosilanes of the Cy-Cy,y ‘eries obtained are given in Table 2, as well as those of one of the disilanes, 


We als attempted the condensation of B-bromopropyltricthylsilane with EtLi, and in this case too 


the yield of condensation products was about the saine as with higher molecular weight radicals, viz., 23.4%, 
and reduction and comecnsation products were also found among the by-products, 
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SYNTHESIS AND PROPERTIES OF UNSATURATED SILICOHYDROCARBONS: DIMETHYL- 

DI-(METHYLALLYL)SILANE, METHYLDI-(METHYLALLYL)SILANE, METHYLTRI-(METHYL- 

ALLYL)SILANE, TETRA-(METHYLALLYL)-SILANE, TRIMETHYLC YCLOPENTADIENYL- 
SILANE, AND TRIMETHYLBUT-3-ENYLSILANE 


A..D. Petrov and G. I. Nikishia 


‘ Whereas there are numerous references in the Hterature to the synthesis and properties of mono-, die, tris, 
and tetra-allylsilanes (1), it is only recently that Petrov and Mironov [2) reported the synthesis of the first representa- 
tivé of the homologeus methylallyl series ~triethylmethylallylsilane, Continuing these studies, we prepared 
silicohydrocarbons with two, three, and four-methylallyl radicals, The yields of these silicohydrocarbons, prepared 
by Grignard synthesis from the appropriate silyl halides and isobutenyl halide by the Yavorsky procedure, ranged 
from 35 to 45%, and were thus somewhat lower than those of allylsilanes, It was also noticed that these yields 

- were, inthe cases of tri- and tetra-methy)allylsilanes, obtained only by vacuum fractionation of the reaction 
products; the yields obtained from distiflation at atmospheric pressure were much lower, because of partial 
thermopolymerization of the methyla!lylsilanes, giving high b.p. products, It might be concluded that-methyl- 
allylsilanes enter into polymerization and copolymerization reactions more readily than do allylsilanes, 


_Trimethylcytlopentadienylsilane and tritnethylbut-3-enylsilane were synthesized, for the purpose of 
making a comparative study of the ease ot polymerization of different silicohydrocarbors, The second ofthese 
silicohydrocarbons is of additional] interest in that it is the first known compound of this class with a double bond 
in the y-position. As is known from the liv sre [3] vinylsilanes are difficultly polymerizable, owing to the 
effect exerted by the silicon atom, whereas polymerization of allylsilanes proceeds very readily. 


Trimethylcyclopentadienylsilane was prepared as follows. -Butyl-lithium and cyclopentadiene gave cyclo- 
pentadienyl4iu ium: 


LiC,H, + + Lh 
This, with trimethylchlorosilane, gave what appeared to be a mixture of 1- and 2-trirmethylcyclopenta- 
dienylsilane, as appears from the change in its properties when it is redistilled: 
+ (CHg)sSiCl (CHg)3SiCgHg + LICL, 


Trimethylcyctopentadienylsilane (or 1-trime thylsilylcyclopentadiene) was coadensed by a Diels-Alder 


reaction with maleic anhydride, giving an adduct of m.p, 102°, Trimethylbut-3-enylsilane was obtained by the 
following reactions: ‘ 


(CHy)3SiC1 + SO,Cl, (1) 
+ CH,MgI (CH,),SiC#, Cl; (2) 
(CH,)3SiCH,Cl Mg ———> (CHy),SiCH, MgCl; (3) 
(CHy)3SiCH, MgCl + BrCHy CH = CHy = CHy (4) 


Chlorination of trimethylchlorosilane with sulfurvl chloride [4] gave dimethylchloromethylchlorosilane 
(35% yield), which with CHsMal afforded trimethylchloromethylsilane (60% yield), and this gave a Grignard 
reagent (S], which with allyl bromide yielded (CH s)gSiCH,CH=CHy (65% yield), Since we possessed this product, 


with the double bond in the y-position, we thought it would be of interest to 1scertain how hydrogen bromide 
adds on to the double bond, 


There are numerous indications in the Iherature of the nonequivalence of carbon atoms at different 
distances from the siifcon atom, and of alternation of charges along the chain: $i-C-C-C-C, The physicist 
Fajans (6) considered that such an alternation was indicated by his refractometric studies, Accepting, however, 
alternation of charges along the chain, we still know nothing of how the magnitude and the distribution of 
these charges change under the influence of the reacting substances. We know that HBr adds on to trialkylvinyl- 
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silane ia the opposite way to the Markovnikov rule [2,7], but to wialkylallylsilane according to this rule (8), HBe 
also acc’s on to the double bond in the &-position according to Markovnikov's rule, as was shown recently (9) for 


As a result of addition of HBr to the double bond in the y-position, and of condensation of the bromide 
with MgBrCgH, the silicohydrocarbon (1) was obtained: 


This was shown by the synthesis of the isomeric hydrocarbon (1): 


and by the establishment of their different physical properties and Raman spectra, This result shows that alterna- 
tion of charges causing reversal of the order of addition of HBr to the double bond ceases at the B-position, 


EXPERIMENTAL- 


about a kg. apr 
TABLE 


Properties of methylallyisilanes 


CH, Found Ys: 70,01; 70.26; H11,72; 11.815 Si 16,06; 16,23; Yieldin® 
Cag Calculated %: C 71.35; H 11,91; Si 16,67 | 48 
178-178.6% 
1.4518; 0.8012 
CH, Found fo: C 68.68; 69.02; H 11.82; 11.67; Si 17,713 17.94 
21.3 
(CH) HSU Caleulated Y: C 70,05; H11.75; $118.18 - 


b.p. 61-63° at 17 mm: 
1.4550; 0,788 


(CH SUCH, -C=CHy)g Found %: C 75,24; 75.00; H 11.78; 11.67; Si 12.43; 12.40 
CH, CygtggSh Calculated %: C 75.00; H 11.54; Si 13.46 
b.p. 231.8-232,1° 
nity 1.47725 0.8338 
yo Found %: C 76.22; 76.55; H 11.05; 11.20; Si 11.68; 10.95 
CH, Calculated %: C 77.4; H11.3; $111.3 
d. p. 269.5-270.8° ' 


(130-133 at mm); 
ny 1.49 $0; 0.8609 


The syntheals of dimethyldlqmethylallyl)silane and methyldimethylallyl)-silane was effected by boiling the 
sudstrates in ethereal solution for 20 tus, Higher temperatures were required for the syntheses of methyltrl¢methyl- 
allyl)silane and tevaqmethylallyijsilane, After boiling the ethereal solution for 2 hra the ether was distilled off, 

xylene was added, and the solutions were boiled on an ofl-bath for 12 his. The synthesis of the corresponding 
allylsGanes did not require such drastic conditions (distilling off the ether, and raising the temperature to 130°) 
(1,2) The properties of the methylallylstlanes, and the ylelds obtained are given in the Table, 


Synthests of 


Butyldithium was prepared from 17.9 g of lithium and 62,2 g of 
Duty] bromice, and 34 g of freshly distilled cyclopentadiene ts added dropwise during 40 min, to the ethereal 


[td lsobutenyl chloride was prepared by the method of Kazansky aid Lukina (10), peacscscce 
| 
' 
| 
| 
j 
j 
| 
} 660 
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solution, cooling the flask with ice-water, and passing a stream of nitrogen to exclude air, 65 g of uimethylchioro- 
silane was then added, and the mixture was left overnight, and boiled the next day for 12 hr under reNux, The 
solution was then fiitered off from the white precipitate which forms, and water was added to the filtrate. The 
product was fractionated, giving 9 g of product, b.p, 138-140°, njy 1.4622, d4’ 0.8308, 2.1 g of maleic anhydride 
was added to a solution of 3 g of this product in 10 ml of ether; the reaction proceeded vigorously, al! of the 
maleic anhydride going into solution within § min, After an hour a voluininous precipitate of transparent colorless 
cryscals had fosmed; the product melted at 102-102.5° after two recrystallizations from ether, 


Synthesis of trimethylbut-3-enylsilane, We shal) here describe only the final stages of the reaction, which have 

not previously been reported in the literature, The Grignard reagent prepared from 8.2 g of magnesium and 41 g 

of trimethylchlorome thylsilane was added to a solution of 50 g of allyl bromide in 50 ml of ether. Heat was a 
evolved, and the solution boiled for a short time. The solution was left overnight, and then boiled under reNux Bet 
for 12 hrs, after which the ether was distilled off, and the residue was heated on a water-bath at 70-G0° for 8 hrs, . 


Fractional distillation gave 224 g of timethylbut-d-enylsilane, b.p, 111.5-112.5°, 1.4148, 44° 
0.7353, MRp found 43.66, calculated 43.70, The Raman spectrum was®: 148(2), 207 (5), 247 (2), 271 (1), 
324 (3), 521 (3), 577 (3), $68 (9), 616 (4), 537 (3), 692 (6), 899 (1), 940 (3), 1014 (2), 1103 (3), 1173 (3), 
1280 (7), 1298 (6), 1415 (8), 1639 (10), 2845 (5), 2897 (20), 2959 (8), 3002 (6), 3080 (5). 


The characteristic frequency of the double bond in the y-position, 1639 cm”?! fits satisfactorily into 
the sezies: 


1) —SICH=CHy-1591 cm"*; 2) CH=CH 1630 3) -1642 


Saturation of the si'icohydrocarbon with HBr gave a bromide, b.p. 64° at 15 mm: ab 1.4542; ° 1;0894: 
found MRp 52.62; calculated MRp 51.85, 


This bromide was added to magnesium ethyl bromide in ether, There wasno visible evidence of any 
reaction, but after distitling off the etheis a precipitate formed, with evolution of lreat. The preduct was heated 
at 100° for 10 hrs, and water was then added. The product was distilled, givinga 22% yield of a product which we 
identified as twimethy]-3-methy} pentylsilane (silicohydrocarboa J), b.p. 154-154,3°, ny 1.4170; 0.7450; found 
Mp 53.44; calculated MRp 53.43. The physical consents of this silicohy¢socarbon and its Raman spectrum 
differ markedly from those of wimethyl-n-hexylsilane (silicohydrocarbon If b.p. 160-162", np 1.4153, 6. 7422). 
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STRUCTURE AND CERTAIN PROPERTIES OF DIBENZHYDRYLTHIOPHEN 


Ya. L. Goldfarb and M, S&S. Kondakova 


We know that the reason for the common properties of systems of the type benzene, thiophea, furan, 
pyrrole, and others has been considered [1}to be thelr possession of an electron sextet, ths so-called aromatic 
sextet, This schematic representation, which 1s essentially an electronic interpretation of Bamberger's early 
views (2), does not take Into account a whole series of features of heterocyclic compounds, such as the retention 
by the salts of some alky)pyrroles of aromatic properties 3), or furan reacting as a diene, It-is nevertheless of 
interest to obtain new experimental data relating to the role of the electron sextet as a cartier of aromatic 
properties, In this connection a comparisoa 9‘ she properties of thiopken, as an aromatic system, with those of 
its corresponding sulfone would be instructive; in the latter compound one should expect, on purely forrnal 
grcunds, that paralel with the loss of aromatic properties the appearance of diene -properties would be observed, 


Thiophen itself does not form a:sulfone; di- and tetra-oxythiophen, described by Lanfry [4], are not 
sulfones, according to Hinsberg [5] (see also [6] and [7]. To the best of our knowledge there have been no 
papers published describing the sulfones of alky) and aralkyl] thiophens, This type of sulfone should, however, 
represent the most suitable material for the present research, 


With this object we undertook the synthesis of the sulfone of dibenzhydryithiophen, Dibenzhydry}thiophen 
is readily prepared from a mixture of thiophen and benzhydrol or benzhydry] ethyl ether by the action of 
stannous chloride {8} From the nature of its formation it follows that substitution must have taker place in 
positions 2 and 5, This is confirmed by the results of hydrogenolysis, using a Raney nickel catalyst (see experi- 
mental section), The hydrocarbon so obtained has the composition and m.p, (122-123°) of 1,1,6,6-tewaphenyl- 
hexane (CgHs),;CHKCH,)gCH(CgHg)g, described by Vorlander et al. [9]; its solubility in ethanol differs from that 
given by these authors, For this reason we repeated Vorlander's synthesis, using N. M. Kizhner’s instead of 
Klemmensen’: method In the reduction of 1,1,6,6-ic vaphenylhexa-3,4-dione. Contrary to Voriander’s 
observation, the hydrocarbon so obtained isrelatively sparingly soluble in hot ethanol; its mixed m.p. with the 
hydrocarbon obtained frcm dibenzhydrylthiophen shows nd depression, The structure of this product may 
thetefore be taken as corresponding with that of 1,1,6,6-tetraphenylhexane, and our dibenzhydrylthiophen must 
be substituted in the 2,5-position: 


Celg 
“we 


qi) 

Compound (1) gave the corresponding sulfone when treated with perhydro}l, under the conditions described 
below. This product, like the great majority of sulfones, is not reduced by zinc in hydrochloric and acetic acid, 
but it is partly converted into 1,2,6,6-tetraphenylhexane by the action of spongy nickel catalyst. It does not give 
an addition product with excess of maleic anhydride at 200-220°-or in boiling nitrobenzene, and it is not acetylated 
under the conditions for formation of the corresponding ketone from dibenzhydrylthiophen [8] It reacts very 
slowly at room temperature with bromine in chloroform solution, without any perceptible evolution of hydrogea 
bromide; the product contains two atoms of bromine, apparently in the 1,4-positions, Under similar conditions 
dibenzhydrylthiophen gives a mono-bromo~derivative; since its oxidation products include benzophenone it follows 
that the bromire atom must be in the thiophen ring, 


Thus the addition of two atoms of oxygen to the sulfur atom of dibenzhydry!thiophen involves loss of the 
tendency of atoms 3 and 4 of the thiophen ring to be substituted by halogen or acetyl, f.e., Joss of aromatic 
properties, At the same thine the sulfone does not react as a dicne with maleic anhydride, 


We do not yet know, however, whether this lack of reactivity with malefe anhydride {s a feature of all 
sulfones of alky} and aralkyl thlophens, or whether it is due to steric hindrance in the given case only, 
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EXPERIMENTAL® 


1. _tiydrogenolysis of dibenzhydrylthiophen, 25 g of spongy nickel catalyst is added to a solution of 8g 
of dibenzhydrylthiophen in 100 ml of dry toluene (the catalyst was prepared by Mosingo’s method (10). The 
mixture was heated to boiling during 4 hrs, and then left overnight, The nickel was then filtered off and washed 
with several portions of toluene, The toluene was distilled off from the filtrate + washings, leaving about 5 g 
of crystalline product, m.p, 110-116°, recrystallization.of which from ethanol gave two lots of crystals; 1.5 g 
of m.p. 83-107, and 2.4 g of m.p, 121-123, rising to 122-123° after a second recrystallization from ethanol, 
in which it is sparingly soluble in the hot, 


Found %: C 92,18; 92.46; H 7.61; 7.76 
Calculated %: C 92.30; H 


The product gave no depression of m.p, when mixed with 1,1,6,6-tetraphenylhexane (see below), 


2. Preparation of.1,1,6,6-tetraphenylheyane, A mixture of 0.5 g of 1,1,6,6-tetraphenylhexa-3,4-dione 
(m.p. 188-189; prepared by Vorlande’s method), 0.2 g of sodium in 7.25 ml of absolute alcohol, and 1.5 g 
of hydrazine hydrate solution (56%) was heated at 190-200° for 29 hrs in a small s-utoclave, and the solid 
product was sepurated and mixed with a small amount of water, The mixture was repeatedly extracted with 
ether, the extract was washed with water, and the ether was distilled off, leaving 0.2 g of residue, m.p, 118-120°, 


sparingly soluble in hot alcohol. Recrystallization from alcohol gave 1,1,6,6-tetraphenylhexane, m.p. 123-124.5°, 


3. Action of perhycrol on 2,5-diberzhydrylthiophen. 8 g of 28% perhydrol was added at room temperature 


to 4.16 ¢ of dibenzhydrylthiopher in 25 ml of glacial-acetic acid. The precipitate which forms gradually 
redissolves as the mixture is heated. The temperature was maintained at 104-105° for 25 min., and the solution 
; on cooling deposited 4.5 g of crystalline product, m.p. 158-163°, which after recrystallization from alcohol gave 


2.2 g of a product of m.p, 171-173°, raised to 172-173° by further reczystallization, 


Found %: C 80.65; 80.60: H 5.50; 5.56; S 7.06; 6.92 
_ Caleulated %: C 80.35; H 5.35; S 7,14 
{ 


2,5-Dibenzhydrylthiophen-1,l-oxide is tnsoluble in alkalis. It is readily soluble in chloroform, benzene, 
and toluene, soluble in hot alcohol and in hot acetic acid, and sparingly soluble in hot heptane, It is not reduced 
by zine with a boiling mixture of hydrochloric and acetic acid, 


4. Bromination of 2,5-dibenzhydrylthiophen, A solution of 1.1 g of bromine (0.0068 mol) in 20 ml of 
chloroform was added gradually to 1.5 g (0.0026 mol) of dibenzhydrylthiophen in 15 ml of chloroform, and the 
Mixture was left at room temperature for 4 hus, after which the chloroform was distilled off, }eav »g a resinous 
residue, part of which was soluble in hot alcohol, A yellow precipitate separated from the alcoholic solution 
on cooling. This was collected, giving 0.4 g of product, m.p, 125-126°, raised to 127-129° by further recrystalliza- 
tion from alcohol; pale yeilow needles, 


Found %: C 72,51; 72.25; H 4.79; 4.55; S$ 6.07; 6.16; Br 16.52; 16.38 
€ 49H, 581S. Calculated %: C 72.72; H4.64; S 6.46; Br 16.16 


5. Oxidation of the bromo~terivative of dibenzhydrylthiophen, A mixture of 1.3 g of bromodibenz- athe 
hydrylthiophen, 3 g of CrO,, and 65 ml of acetic acid was heated on a water-bath for 4-hrs, the mixture was mse 
poured into water, and extracted with ether, The extract was washed successively with 5% aqueous sodium 
carbonate, S% aqueous KOH, and water, and dried with MgSO, The ether was distilled off, leaving 0.75 g of 

anou, which crystallized when seeded with a crystal of benzephenone, The redistilled product melted at 42-~44°, 


mixed m.p, with benzophenone 44~46°, 

6. Reduction of 2,5-dibeizhydrylthiophen-1,1-dioxide, A solution of 1.2 g of the dioxide in 10 ml of 
toluene was added to a flask cortaining 40 ml of dry toluene and nickel catalyst prepared by Mosingo*’s method 
i {10}, and the mixture was boiled, with stirring, for 7 hrs,, after which it was filtered, and toluene was distilled 
off from the filtrate, The residue cvystallized after addition of a small] amount of heptane, The product was 


extracted with hot benzene-heptane mixture, and the solution was filtered off from insoluble residue, After 

' standing, the filtrate deposits three crops of crystab, The first consisted of unchanged dioxide, and the other 

two (0.25 g), m.p, 117-125°, of a hydrocarbon, which after recrystailization from alcohol, me}ted at 122-123% : 
not depressing the m.p, of 1,1,6,6tetraphenylhexane, 
With Z, V. Volodina, 
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